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An introduction to the work in this thesis Is given 
together with a brief survey of macrocyclic metal 
chemistry with particular emphasis on the macrocyclic 
effect. 	 - 
Chapter 2 
A survey of tetra-aza macrocyclic complexes of 2nd and 3rd 
row transition metal complexes and dioxo-rhenlum complexes 
is given. The synthesis, characterisation and structures 
of the trans-[Re(0)2(cyclam)]/ 2 cations are described. 
These complexes can be prepared by reaction of cyclam 
([14]aneN4) with {ReOC13(PPh3)2],and are isolated together 
with protonated macrocyclic ligand. The structure of 
[cyclamH4'] 4 .ReC16 2- .2Cl - . 2dmso shows no direct interaction 
of the cation with the Re(VI) centre. The Interconversion 
of the mononuclear O=Re=O and binuclear ,u-oxo bridged 
O=Re-O-Re=O species is discussed and related to the 
protonation and deprotonatlon of co-ordinated oxo (0 2- ), 
hydroxo (HO - ) and aquo (H20) ligands. 
Chapter 3 
Surveys of organorhenium chemistry, of rhenium complexes 
of porphyrins and related macrocycles and related 
thioether macrocyclic complexes are given. Reaction of 
[ReBr(CO)5] with a range of cyclic thloether crowns 
affords the complexes; [Re(CO)s(L)] (L = [9]aneS3, 
-2- 
[12]aneS4) and [Re(C0)3Br(L)J (L = [141aneS 4 , [15]aneS5 
and [18]aneS6). The structures of these complexes have 
been determined. The crystal structures of [Re(C0)3(L)J 
(L = [9]aneS3, [12]aneS4) show tridentate co-ordination of 
the thioether crowns to Re(I), while the structures of 
[Re(C0)3Br(L)J (L = [14]aneS4 and [15]aneS5) show 
bidentate co-ordination of the thioethers. These complexes 
are generally inert to oxidative addition reactions with 
Br2 and CHI. 
Chapter 4 
Reaction of T1NO3 with [9]aneS3 affords the complex 
[Ti([9]aneS3)](PF6) upon addition of NH4PF6 to the 
reaction solution. This complex has been characterised by 
i.r., 'H and 13 C n.m.r. spectroscopy and 
crystallographically. The solid state structure of 
[T1([9]aneS3)](PF6) shows facial co-ordination of [91aneS3 
to Tl(I) with paticularly long Ti-S distances, Ti-S = 
3.092(3), 3.114(3), 3.110(3)A. In addition, the thioether 
donors bridge across T1(I) centres to give an overall 
polymeric, helical structure. 
Chapter 5 
The synthesis and redox properties of a range of Pd(II) 
tetra-aza macrocyclic complexes [Pd(L)] 2 + (L = [15]aneN4, 
Me4{15]aneN4, [16]aneN4 and Me4[16]aneN4) are described. 
The crystal structure of [Pd(Me4[15]aneN4)] 2 + shows the 
complex to adopt RSRS configuratons with all four methyl 
-3- 
groups lying on the same face of the planar Pd(II) centre. 
These complexes show reversible or irreversible Pd(II/I) 
couples which are shifted anodically on going from non-
methylated to methylated ligands, and from 14- to 15-
membered rings. 
Appendix 
Reaction of [HAuCI4] with two molar equivalents of 
[9]aneS3 under reducing conditions affords the highly 
unusual Au(I) thioether complex [Au([9]aneS3)21. The 
crystal structure of this complex shows one of the 
[9]aneS3 ligands bound as a monodentate species, Au-S = 
2.302(6)A, with the other ligand bound via one short,Au-S 
= 2.350(7)A, and two long, Au-S = 2.733(8), 2.825(8)A, Au-
S bonds. The overall stereochemi,stry can be regarded as a 
tetrahedrally distorted, linear Au(I) species and reflects 
the compromise between the preferred facial co-ordination 
of [9]aneS3 and linear co-ordination normally observed for 
dLO Au(I). Oxidation of this species affords the 
mononuclear, paramagnetic Au(II) complex, 
[Au([9]aneS3)2] 2 . This complex shows a strong esr 
spectrum g = 2.019 with clear hyperfine coupling to 197 Au 
(I = 3/2, 100%). The single crystal X-ray structure of 
[Au([9]aneS3)2] 24 shows a tetragonally distorted hexathia 
co-ordination at the Au(II) centre, Au-S = 2.452(5), 
2.462(5) and 2.839(5)A, consistent with a d 9 Au(II) 
centre. 
-4- 
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The synthesis and study of transition metal 
inacrocyclic complexes is a rapidly expanding topic of 
research which has found applications in several areas 
because of the unique properties manifested by this class 
of compounds' 2 . These properties generally arise because 
of the greater thermodynamic stability and kinetic 
inertness of macrocyclic complexes compared to analogous 
complexes involving open chain ligands3 . Furthermore, the 
confdrmation of the macrocycle can yield distinctive 
stereochemistries upon co-ordination to metal centres 4 . 
An application that has received considerable attention is 
in the modelling of natural macrocyclic systems which are 
abundant in nature 5 . These biologically-active systems are 
often based upon a tetrapyrrole unit in which four of the 
co-ordination sites of the metal are bound by the 
macrocyclic ligand leaving axial sites available f or the 
binding and activation of substrate molecules. Examples of 
naturally occurring macrocyclic systems include; 
haemoglobin 6 , an iron containing system responsible for 
oxygen uptake and transport in the blood. Chlorophyll 7 is 
a magnesium containing system essential to plant life for 
its light harvesting properties. Further examples include 
cytochrome-c 8 and the enzyme P450 9 which are both iron 
containing, and vitamin B12 10, which contains Co. 
The vast potential for modelling biological systems arises 
because of the chemist's ability to synthesise macrocyclic 
ligands which upon co-ordination mimic naturally occurring 
systems. The necessary steric and electronic features 
required may be introduced by several methods including, 
simple adjustment of cavity size, choice of donor atoms or 
further by addition of pendant arms or functional groups 
to the carbon backbone1 1 
The potential for macrocyclic complexes to act 
catalytically In processes such as electrocatalytic 
reduction of CO2 12 or 02 13 and activation of species such 
as NO, NO3, CO, N2, and H2 14-16 Is of interest to several 
groups of workers. 
1.1 The Macrocyclic Effect 
In 1969 Margerum and Cabbiness observed extra 
stability in the macrocyclic complex, [Cu(tet-a)] 2 ', (1), 
over the analogous open chain complex [Cu(2,3,2-tet), 
(2), which was in excess of that expected from the 
increase in chelate rings. The term "macrocyclic effect" 










1 	 2. 
(2) 
Early studies on the thermodynamic origins of this effect 
-10- 
were often contradictory usually due to differences in the 
systems studied and the methods of thermodynamic data 
determination' 7 ' 18 . The relative importance of enthalpy 
and entropy has been determined for simple tetra-aza 
systems by a calorimetric determination' 9 . This study 
involved calorimetric measurements for the formation of 
copper and nickel complexes of open chain and macrocyclic 
ligands in strongly basic media for the reaction: 
M 2 (aq) + L(aq) = M(L) 2 (aq) 
The difference between enthalpy values obtained foropen 
chain and macrocyclic ligands gives the macrocyclic 
enthalpy for the metathetical reaction: 
M(L 2 ) 2 (aq) + L'(aq) = M(L') 2 (aq) + L 2 (aq) 
where L' and L2 are the macrocyclic and open chain ligands 
respectively. The conclusions of this study were that the 
macrocyclic effect observed in the tetra-aza systems 
studied was due to favourable entropy contributions with 
either favourable or unfavourable enthalpy terms depending 
on a particular ligand. 
The study of the thermodynamic macrocyclic effect 
observed with cyclic thioether complexes is achieved with 
greater ease than the studies with tetra-aza systems. This 
is due to the absence of competitive protonation 
equilibria and the fact that ligand solvation effects play 
-11- 
a smaller role 2 . A study of the macrocyclic effect 
observed with cyclic thloether ligands has been carried 
out 20 . This study involved comparisons of thermodynamic 
data obtained for the macrocyclic species, 







3 	 C H 3 
(4) (3) 
These results showed the macrocyclic species to be about 
100 times more stable in aqueous solution than its open 
chain analogue, the stability being enhanced further in 
methanol/water mixtures. The enthalpy values obtained for 
both macrocyclic and open chain systems are very similar 
implying a significant entropy term which has been 
suggested to comprise mainly of a "configuratiOnal" 
entropy component. 
The thermodynamic stability achieved with crown 
polyethers over open chain polyethers is also more easily 
determined than that for tetra-aza systems 21 . The 
advantages in this determination arise because of the 
following reasons: 
(1) The low basicity of polyethers mean that metal 
complexatlon is not pH dependent. 
-12- 
The complexes usually formed with alkali and alkaline 
earth metals do not exhibit any stereochemical preference. 
The fast rate of complexation allows rapid 
attainment of equilibrium. 
Studies carried out into the thermodynamic origins of the 
macrocyclic effect observed with polyether systems show 
that, in contrast to the polyaza and polythia systems 
described above, enthalpy plays the major role in the 
stabilisation of the complexes formed 22 . The favourable 
enthalpy term arises in most cases from differential 
solvent effects, such as those observed in the 
compiexation of alkali metals with the ligands, 
18-crown-6, (5) and pentaglyme 23 , ( 6). 
[0 	
H3C0\0\0\0\0CH3 
(3) 	 (6) 
Any consideration of the overall thermodynamic 
macrocyclic effect has to take into account several 
components which may be summarised in a Born-Haber cycle 2 : 
M 2 (g) 	+ L(g) 
	
ML 2 (g) 
1 [3 	 1L 
2- 
M 2 4(solv) + L(solv) , 
	
ML2(solv) 
To determine an unambiguous value for the macrocyclic 
-13- 
effect requires accurate experimental determination of the 
steps 1-5, which has often proved difficult to achieve. 
The kinetic macrocyclic effect has been well 
illustrated by a study 24 which examined the kinetics of 
formation and dissociation of [Cu(2,3,2-tet)] 2 and 
[Cu(cyclam)] 2 4. For the complexation reaction: 
kf 
Cu2+ + L 	CuL 2 
kd 
the stability constants of [CuL]2, K e = kr/kd, have been 
determined: 
kf/M is - I 
kd/S - I 
K= kf/kd (M - ') 
[Cu(2, 3, 2-tet)] 2  + 
8 . 9x10 4 
4.1 
2. 17x10 4 
[Cu(cyc lam) ]2 + 
5. 8x1O- 2 
3. 6x10 7 
1. 61x10 5 
Analysis of the ratios, kf:kd, shows clearly that both 
complexatlon and dissociation are considerably slower for 
the macrocyclic species. This is explained by the fact 
that strain must be introduced into the cyclic ligand 
during the formation or dissociation of a metal 
macrocyclic complex, Figure 1.1. In contrast, the open 
chain analogue experiences no such strain and can simply 
enfold the metal during complexation, or unzip from the 
metal centre during dissociation 25 , Figure 1.2. 
-14- 
Figure 1.1: Strain Introduced In the Dissociation of a 
Metal Macrocyclic Complex. 







Figure 1.2: First Step inthe Dissociation of an Open 
Chain Metal Complex 








TETRA-AZA MACROCYCLIC COMPLEXES OF RHENIUM 
-16- 
2.1 IntroductiOn 
The work contained in this chapter describes the 
synthesis and chemistry of tetra-aza macrocyclic 
complexes of rhenium. The ligands used are given in 
Figure 2.1. A comparison with related rhenium co-
ordinated compounds is given. 
At the outset of this work very few rhenium 
macrocyclic complexes were known. The Re(V) species, 
[ReO(OPh)(OEP)], which is formed in the reaction of Re207 
with H20EP in ref luxing phenol has been characterlsed 26 . 
The porphyrin carbonyl species [Re(CO)s(porph)], (7),and 











These latter complexes are formed by reaction of 
[Re(CO)sX] (X= Cl,Br) or [Re2(CO)io] with the relevant 
porphyrin ligand in ref luxing methanol. 
By way of introduction, the tetra-aza macrocyclic 
chemistry of 2nd and 3rd row transition metals is 
discussed followed by an introduction to the chemistry of 
rhenium dioxo amine species. 
-17- 








R / 	R 
H 	IH N 
R = H 
	
L : R = H 	 R = H 





_N N 	N- 
1J- 




L 	 L1O 	 LI' 
R1 = R2 = R3 = CHg 
Ri = R2 = R3 = H 
L1 4 . Ri = R3 = CH3, R2 = H 
	
Ll . 	N 
L13: Ri = R2 = H, Rs = CU3 
L1 
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2.1.1 Tetra-aza Macrocyclic Chemistry of 2nd and 3rd Row 
Transition Metals. 
Zirconium and Hafnium. 
The porphyrin complexes of the type [M(OEP)(02CMe) 2 ] 
are known for both Zr and Hf and have been prepared by 
the reaction of H20EP and [M(acac) 4 1 in molten phenol at 
210_2400 C28 . [M(OEP)(02CMe)21 have square antiprismatjc 
structures, (9), with the metal centre being eight co-
ordinate. 
(9) 
The porphyrin is bound facially through four N-donors and 
two bidentate acetate ligands occupying opposite faces of 
the MN4 plane. 
Reaction of ZrC14 with H2TPP In boiling acetonitrile, 
affords [Zr(TPP)C12] which Is proposed to incorporate Zr 
bound to an N4-donor set with the chloro-ligands mutually 
cis to one another 28 . 
Only one non-porphyrin macrocyclic complex Is known 
for Zr and is formed via a template reaction of 
ZrOC12.8H20 with 2,6-dipicolinoyl dihydrazine, H2dpdh. 
A Zr(OH)2(0H2) moiety is co-ordinated to the dpdh ligand, 
-19- 
(10). Once the initial complexatlon has occurred, the 
free.NH2 groups condense with the carbonyl groups of the 

















Niobium and tantalum 
Both Nb and Ta form complexes with porphyrin 
ligands. These complexes are prepared by reaction of the 
relevant porphyrin with a M(V) species. For example the 
reaction of porphyrin ligands (porph= OEP, TPP, TPTP, 
OMP) with NbCl5 'leads to complexes of the type Nb203L2, 
(12), upon hydrolysis°. 
NN 
\NbKFN4f' I N7 
(12) 
The niobium atom Is heptaco-ordinated to four 
porphyrinato N-donors of one ligand and three bridging 
oxo ligands. Reaction of M203L2 (M= Nb, Ta) has led to 
-20- 
the other derivatives such as 1:MOF(porph)J which is 
synthesised by bubbling HF through a solution of the 
bridged complex, (12), in benzene 26 . 
Molybdenum and Tungsten 
Reaction of OEP with WF5, M0C12 26 or alternatively 
[M(C0)6] 3 ' yield the oxo-bridged species [MO(OEP)]20 
(M = Mo, W). In [MoO(OEP)]20 the Mo(V) centre has an 
octahedral geometry with a linear 0=Mo-0-Mo=0 linkage. 
These bridged species may be cleaved by HX (X=Cl,Br) to 
afford [MoO(porph)X] 32 . 
The only W complexes reported are of W(V), however, 
the related Mo chemistry Is much more established. 
Chemical and electrochemical reductions of Mo(V) species 
allow access to the lower oxidation states of Mo. The 
cyclic voltammogram of [MoO(porph)X], (X=MeO, Cl) shows a 
reversible one electron reduction to a Mo(IV) species; 
for X= OMe two further irreversible reductions occur with 
the dissociation of the OMe• ligand 32 . A catalytic route 
for the photoassisted reduction of 02 to 11202 is provided 
by the photochemical reduction of [MoO(TPP)(OMe)] which 
generates [MoO(TPP)] which further reacts with 02 
yielding the starting material and H202. 
To date no non-porphyrinato tetra-aza macrocyclic 
complexes of W have been reported. In the synthesis of Mo 
complexes [Mo(C0)6] has been used extensively as a 
starting material. Reaction of [Mo(C0)61 with L" affords 
-21- 
[M0(CO)4(Lii)] 26 . Of the possible four N-donor atoms in 
Lii only two are employed in co-ordination to the metal 
centre, the bulk of the macrocyclic ligand folds away 
from the Mo metal centre. Also reported with Lii is the 
complex [M02(L'')2] 31 , which shows the ligand bound 
through all four N-donors and as such represents the only 
example of a tetra-aza macrocyclic ligand exhibiting 
tetradentate co-ordination to Mo. Several examples are 
known which show tetra-aza macrocyclic ligands bound 
through three nitrogen donor atoms only e,g, 
{Mo(CO)3(L 7 )] 34 . 
Technet turn 
The technetlum(V) complex lTc(0)2(L')]C104.H20 is 
known35 aiid can be synthesised by reduction of NaTc04 
with stannous tartrate or sodium dithionite in the 
presence of L' . The complex contains a trans-Tc(0)2 core 
with octahedral coordination being completed by the 
tetradentate macrocyclic ligand. The mechanism of 
formation for this complex Is thought not to result from 
insertion of the trans-Tc(0)2 core into the Li ring but 
Is thought to result from Initial ligation of the Tc0 3 
followed by conversion of [TcO(Li)] 3 to trans 
[Tc(0)2(Li)]+. 
Ruthenium 
Ruthenium porphyrin chemistry is well studied and a 
-22- 
great many complexes are known. The reaction of 
[Ru3(CO)12] with porphyrin ligands in ref luxing decalin 
or benzene affords [Ru(porph)COJ (porph = TPP, OEP, 
substituted derivatives of TPP, nicotinamide, meso-
tetramesitylporphyrin, meso-tetra-n-propylporhyrin and 
substituted derivatives of meso-porphyrin IX. )39. 
Subsequent reaction of [Ru(porph)CO] with L gives a range 
of complexes of the type [Ru(porph)(CO)(L)], (where L = 
N-donor e.g. py38 , 0-donor e.g. THF, and P-donor 
ligands e.g. PPh3). Complexes of the type 
[Ru(porph)(L)2] (L = py, CH3CN, DMSO) may be prepared 
from [Ru(porph)(C0)(EtOH)] by photolysis in the co-
ordinating solvent 41 . Heating (Ru(porph)(PY)21 gives a 
range of dimeric species, [Ru(porph)]2 42 , which 
themselves may be used to generate p-oxo Ru(IV) 
species43 , {Ru(porph)(OH)]20. Oxidation of [Ru(porph)C0] 
(porph = meso-mesitylporphyrin), with iodosyl benzene 
affords the Ru(VI) species, [Ru(0)2(porph)]. 
Several tetra-aza macrocyclic complexes have been 
prepared. Reaction of [RuC15OFI] 2- with tetra-aza 
macrocyclic ligands affords a range of species of the 
type trans-[RuC12(L)] (where L = L' -3 1 5 . 7-10 ) 
A kinetic study46 examining the rate of substitution of X 
has been carried out for the complexes [RU(L)X2] and 
[Ru(L)X2]. (where X = Cl, Br and L = Li, L, and L 7 ) and 
suggests a dissociative mechanism In which the rate of 
halide release decreases in the order L> L 3 > Li. 
-23- 
Electrochemical reduction of [Ru(L 2 )Cl2] in an aqueous 
solution of 4-toluene suiphonic acid gives the species 
{Ru(L 2 )(OH2)2] 2 which undergoes oxidation with H202 
affording [Ru(L 2 )0(0H2)] 47 . 
Osmium 
Most Osmium(II) porphyrin complexes are obtained 
from {Os(OEP)(C0)py] which is synthesised from the 
reaction of H20EP and either OsC13 48 or OSO4 	under Co 
in pyridine, or else from the reaction of H20EP and 
0s3(CO)12 also in pyrldine 50 . [ Os(OEP)(CO)py] undergoes 
substitution reactions with a variety of ligands to 
produce a range of complexes, [Os(OEP)(L)2] (examples of 
L include; py, OMe, P(OMe)3, THF and NH3) 51 . As f or Ru, 
heating of the complex [Os(OEP)(py)2] gives the dimeric 
species [Os(OEP)]2 48 . 
Very few tetra-aza macrocyclic Os complexes are 
known. The complexes [Os C12(L)] (where L = L 1 . 3 ) have 
been synthesised from the reaction of [OsC16] 2- with L in 
the presence of Na[H2P02] 52 . Oxidation of [Os(0)2(L 2 )J 
with 30%H202 3 gives the Os(VI) complex [Os(0)2(L 2 )J 2 ', 
which upon electrochemical reduction in O.1M HC104 
affords [Os(OH)(0H2)(L 2 )1 2 + characterised by UV/vls 
spectroscopy54 . 
Rhodium 
A variety of Rh(III) porphyrin complexes are known. 
-24- 
Reaction of the Rh(I) species, [Rh(CO)2C1]2 with 
porphyrin ligands in glacial acetic acid generates 
[Rh(porph), (porph = TPP,TPyP, MePDEE) 53 . The synthetic 
path is thought to involve the intermediate 
[RhI(porph)(CO)Cl] 2- which is oxidised by 02 in solution 
to give the final Rh(III) species. 56 No monomeric Rh(II) 
porphyrin species have been fully characterised 
although the dimer [Rh(OEP)]2 has been prepared by 
photolysis of [Rh(OEP)H] 57 . ( Rh(OEP)]2 acts as a source 
of the [Rh(II)(OEP)] moiety, and has been found to react 
with NO giving {Rh(OEP)(NO)] which undergoes oxidation in 
air generating a stable nitrite complex 58 . Numerous Rh(I) 
porphyrin complexes have been prepared and are often 
precursors to the synthesis of Rh(III) porphyrins. The 
species [Rh(OEP)Cl] reacts with Mel, RL1, PhCCH, and RMgX 
via oxidative addition of the Rh(I) Intermediate, 
[Rh(OEP)] - , to áf ford the complexes [(OEP)Rh-Me], 
[(OEP)Rh-R],, {(OEP)Rh-CHCHPh], and [(OEP)Rh-X] 
respectively 59 
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Rh(III) complexes containing L' have been studied 
extensively. The reaction of RhC13.3H20 with L' in 
aqueous solution gives trans-[Rh(L')C12]Cl whereas in 
methanolic solution the cis-isomer is obtained 6 O. Both 
cis and trans isomers of a variety of complexes, 
[Rh(L' )XY], (X and Y = halides, pseudohal ides, H20, 
OH - ) have been prepared by substitution of the ligand in 
ref luxing aqueous solutions'containing the appropriate 
anion. Rh(III) complexes, [Rh(L)C12]•, (with L = L12_L15) 
have been prepared by the reaction of RhC13.3H20 with the 
appropriate ligand in ref luxing methanol 6 t. 
Ir i di urn 
Only a few Ir(I) porphyrin complexes are known due 
to the synthetic difficulty involved in co-ordination of 
Ir and also the reluctance of appropriate Ir(III) species 
to be reduced. OEP[Ir(CO)3]2 has been synthesised by 
reaction of H20EP with [Ir(Cl)(CO)3] and is presumed to 
have a similar structure to the Re complex 
[Re(CO)3]2(porph), (8), described above. Ir(III) OEP 
complexes have been prepared and include [IrX(CO)(OEP)IJ, 
(where X = Cl, Br, C104, CN, BF4, and Me) 62 ; none of the 
Ir(III) porphyrin complexes reported have been 
characterised by x-ray structural analysis. 
The synthesis of cis-[Ir X2(L')] (where X = Br, Cl, 
NO2) was achieved by slow addition of an alcoholic 
solution of L' to ref luxing K2[IrX6] In methanol and 
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characterised by Infrared and electronic absorption 
spectroscopy in addition to elemental analysis63 . 
Reaction of IrCl3.xH20 with L 15 in a ref luxing 
ethanol/water mixture for 72h affords [Ir(H)(Cl)(L 15 )]C1 
which has been characterised by x-ray crystallography 64 . 
Palladium 
The preference of d8 Pd(II) for square planar 
coordination makes it a very suitable metal for co-
ordination to tetra-aza macrocyclic ligands. Palladium 
porphyrin species are very stable and resistant to 
demetallatlon. Interestingly, [Pd(OEP)] shows 
electrocatalytic activity in the reduction of CO2 to 
oxalic acid at -1.50V vs. SCE65 . Several non-porphinato 
tetra-aza macrocyclic Pd complexes are known and these 
are discussed in Chapter 5. 
Platinum 
So far the coordination of Pt by tetra-aza 
macrocyclic ligands has proved to be very elusive and 
consequently only very few species are known. The 
complexes [Pt(porph)], (where porph = OEP, TTP), can be 
synthesised by the addition of the relevant ligand to a 
boiling solution of PtC12 in benzonitrile66 . 
A dioxocyclam, (L 18 ), complex, [Pt(L' 8 )]C12, can be 
synthesised from K2[PtC141 or cls-[Pt(NH3)2C12) with 
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(L 18 ) in CH2C12 at pH 367,  Figure 2.2. The deprotonatlon 
of the peptide nitrogens in this ligand occurs readily 
and consequently a very stable Pt complex can be formed 
due to charge equilibration. 










Silver porphyrin complexes are known for Ag(I), 
(II), (III). The Ag(I) complexes have not been well 
studied due their tendency to disproportionate 68 . 
Studies with Ag(II) porphyrins have been much more 
extensive and the complexes [Ag(porph)], (porph = TPP, 
OEP) 69 are known. The Ag(III) species, [Ag(OEP)]C104 has 
been synthesised from [Ag(OEP)] by oxidation with 
iron(III) perchlorate 70 . 
With non-porphyrinato macrocyci Ic 1 igands 
Ag(I)(II) and (III) species are also known. Once again 
the Ag(I) species are unstable and disproportionate. The 
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reaction of AgCI04 with L (L = L', L2, L7 and L'°) give 
the very stable Ag(II) complexes 71 , [ Ag(L)]2', which are 
exceptionally stable and capable of resisting reduction 
by alcoholic solvents. The crystal structure of 
[Ag(L7 )](NO3)2 shows square planar co-ordination, with 
apical interactions of the nitrate oxygen atoms 12 . 
Oxidation of [Ag(L 7 )] 2 to EAg(L7 )] 3 . can be achieved by 
reaction with NOC104 In acetonitrile 73 . 
Gold 
• 	There are several porphyrin derivatives of Au(III), 
such as [Au(TPP)) which issynthesised by the reaction 
of HAuC14 with H2TPP In ref luxing acetic acid 74 . The 
reaction of [Au(TPP)1 4 with chloride forms the square 
pyramidal complex, [AuC1(TPP)] 75 . 
The only non-porphyrinato tetra-aza macrocyclic Au 
complex is prepared via a template synthesis reaction, 
involving the free amine protons of the complex 
[Au(en)2C13] condensing with the carbonyl groups in 




I N /\N] 
(13) 
2.1.2 The Chemistry of Dioxo-rhenium Species. 
Complexes of the type [Re(0)2(amine)]• (n =2 or 4 
for bidentate or monodentate ilgands respectively) have 
been known for many years. The first example of this 
class.of compounds was [Re(0)2(en)2]Cl, which was 
prepared in 1943 by Lebedlnskil and Iranov-Emin 77 . The 
early examples of this group of compounds including 
[Re(0)2(en)2]Cl, were prepared by reaction of [ReC16] 2-
with the appropriate amine in aqueous solution, and were 
obtained in only moderate yields. [ReOC13(PPh3)2] can be 
prepared by reaction of Re04 - with HC1 and excess PPh3 in 
EtOH, the PPh3 acts sacrificially to reduce Re04 Ion 78 . 
[ReOCI3(PPh3)2] Is a very versatile starting 
material and the facile synthesis of [Re02(en)21•, 
[Re02(py)4] and [Re02(CH3NH2)4]• can be achieved by 
reaction of [ReOC13(PPh3)2] with the relevant amine in 
ethanolic solution 78 . An explanation as to why a dioxo 
species is formed would on first sight appear to be as a 
result of rapid hydrolysis and deprotonation of a complex 
of the type [Re(0)(C1)(L)] 2 . Reaction of 
[ReOC13(PPh3)21 with wet pyridine affords an oxo-bridged 
species, Re203C14Py4, which can react further in wet 
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pyridine to yield the dioxo species, [Re(0)2(Py)4]• 
Consequently, the following mechanism was proposed 79 
Scheme 2.1. 
0 
C1 .II7PPh3 	HO 
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Several compounds containing a O-Re-O-Re-O moiety have 
been synthesjsed containing a variety of ligands such as 
porphyrins 26 , dithiocarbamate ligands 80 and a range of 
schiff base complexes 8 ' 
Many of these complexes will be discussed and 
compared with the results obtained in this work. 
The aims of this work were to synthesise some 
macrocyclic complexes of rhenium and to study the 
structure and chemistry of these species. A range of 
starting materials was monitored but most success was 
achieved using [ReOC13(PPh3)2]. Other materials used 
included K2ReC16, NH4ReO4 and Re3C19. 
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2.2 Results and Discussion 
The reaction of [ReOC13(PPh3)2] with a molar excess 
of Li in CHC13 at room temperature, yields a mixture of 
products. A colour change occurs from green to brown 
which fades to pale brown over a 10 minute period. 
A precipitate, I, is also formed and can be removed by 
filtration. The filtrate is stirred for a further 30 
minutes, after which a second precipitate, II, is 
isolated by filtration. Recrystallisatlon of I and II is 
achieved from water. 
{(L')H]X, (n = 1-4) 
I was obtained as white needles. The infra red spectrum 
(KBr Disc) showed bands assigned to the macrocyclic 
ligand at V (N-H), 3250cm', 1615cm' 
Fast atom bombardment mass spectroscopy shows parent ion 
peak at M = 202, correct for CioH26N4, i.e. doubly 
protonated L. 
[Re203 (L' )2 ]C14 
II was obtained as a pale yellow solid. The infra red 
spectrum of the complex, (KBr Disc) was obtained and 
shows two bands at 3250cm- 1,  1615cm - ' assigned as the 
llgandN-H stretching and bending vibrations respectively. 
Two broad bands at 915cm -1 and 760cm - ' are assigned as 
the Re=0 stretch and (Re-0) stretches respectively. 
Fast atom bombardment spectroscopy shows a peak at M= 
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419, with expected isotopic distribution, for the 
fragment (Re(0)(0H2)(L'))'. 
On the basis of this data the complex is assigned as the 
binuclear oxo bridged species, [Re203(L 1 )2C14]. The 
overall stoichiometry of the reaction Is therefore: 
2{ReOC13(PPh3)]2 + 3L' + H2O 
> [Re203(L')2C14J + [(L')H2]C12 
A complex with the stoichiometry of [Re203(L')C14] can be 
represented by a neutral, (14a), or a charged species, 
















The rate of complex formation probably provides a clue as 
to which of the above structures is adopted. The reaction 
is complete upon precipitation of the second product 
after only 40 mInutes. Both the Insolubility and the 
kinetics exhibited In this reaction favour the neutral 
roduct depicted by (14a). Several examples of complexes 
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containing a O=Re-O-Re=0 moiety are known (Table 2.1) and 
a range of isomeric forms are exhibited by these 
complexes, (15) - (17). 
\/ \/ 	 _ 
O=Re-O-=O -Re-O Re- -Re-O 
/\ 	/\ II 
0 
(15) 	 (16) 	 (17) 
The cis and trans Isomers can usually be differentiated 
from the linear isomer by the frequencies of the Re-0-Re 
vibration which f or the cis and trans isomers are In 
the range 730-950cm- 1 . For the linear isomer a range of 
650-700cm' Is observed. Table 2.1 shows examples of the 
characterisatlon of a variety of complexes containing the 
Re203 moiety. For [Re203(L')2C14], the V (Re-O) stretch 
is observed at 760cm - ' suggestIng either the cls or 
trans isomers. The steric hindrance envisaged by the 
cis- isomer might suggest that the trans isomer could be 
preferred. 
This complex is therefore tentatively assigned as 
trans-[Re203 (Li )2C14]. 
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TABLE 2.1 
Infra-red Spectroscopic Data for Oxo-Rheniuni Complexes 
compound* u(Re=O) u(Re-O-Re) (cml) ref 
[Re203(S2CNEt2) 4 ] 955 670 80 
[Re203(S2CMe2) 4 ] 970 660 80 
[Re203(S2CNPh2)4) 955 670 80 
[Re203(S2CN(CH2)5) 4 ] 950 660 80 
[Re203(sal2en) 2 ] 965 690 81 
[Re203(sal2prop) 2 ] 970 700 81 
[Re203(sal2phen) 2 ] 962 700 81 
(Re203(acac2en)2] 975 720 81 
[Re203(OMe)61 
. 	 982,986 755 82 
(Re203(OEP)2) 656 26 
* Sal2enH2 = NN' -ethylenebis(saljcyljdenejmjfle) 
Sal2propH2 = MN' -trimethylenebis(saljcyljdeflejmjfle) 
Sal2phenH2 = MN' -O-phenylenebis(saljcyljdenejmjfle) 
Acac2enH2 = MN1 -ethylenebis(acetylacetimjne) 
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[Re(0)2(L 1 )]• 
[Re203(L')2C14] was dissolved in a solution of 
NaC104 in water and the resulting solution was stirred at 
500C for lh. After this time the volume of water was 
reduced by rotary evaporation and acetone was added to 
precipitate a yellow product in quantitative yield which 
was recrystallised from water. 
Alternatively, reaction of [(C3H7)4N]2ReCl6 with excess 
Lt in wet benzene at 50 0 C affords this material in 25-30% 
yield. 
The infrared spectrum (KBr disc) of the product shows 
N-H stretching and bending vibrations at 3220 and 1575cm- 1 
respectively. A band at 825cm - ' is assigned to the 
asymmetric V (ORe.0) stretching vibration of a trans-
0=Re=0 moiety. 
Fast atom bombardment mass spectroscopy shows a peak at 
M=419, with correct isotopic distribution, for 
Re02C1 oH2 6N4 
The electronic spectrum of this material shows a weak 
absorption band at?max = 442nm (C = 5.0 M - 'cm - '), 
assigned as a d-d transition. In acidic solution, 
protonatlon of the oxo-ligands occurs. [Re(0)2(L')] in 
0.25% HBF4 shows a d-d band at 491.6nm, (6 = 5 M'cm'), 
and is assigned to the species [Re(0)(OH)(L 1 )] 2 '. 
A solution of [Re(0)2(L 1 )1+ in 40% HBF4 shows two d-d 
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bands at 512.Onm and 673.6nm, which may be assigned 
tentatively to [Re(OH)2(L')] 3 or [Re(0)(OH2)(Lt)] 3 or a 
mixture of both. HBF4 was found to be the most efficient 
acid in effecting these protonationreactions due to its 
non-oxidising and non-co-ordinating properties. 
Other acids, such as HC1, H2SO4 and HC104 give different 
results. A solution of [Re(0)2(L')]Cl in 2M HC1 gives a 
single d-d band at 481.Onm which may be assigned to 
[Re(0)(OH)(Ll)] 2 . At higher concentrations of acid, 
decomposition of the Re complex appears to occur 
presumably due to the chloride ions exchanging with the 
macrocyclic ligand. 
The results obtained by protonation of {Re(0)2(L')J are 
shown in Table 2.2, along with other analogous results 
taken from the literature. 
Comparison of data for the first protonation of 
[Re(0)2(L')] by 0.25% HBF4 or 2M HC1 to give 
[Re(0)(OH)(L 1 )] 2 ., corresponds well with data for the 
protonatlon of related amine complexes. Thus, a shift in 
the d-d band from ca.450nm to ca.490nm Is observed on 
protonation of a variety of complexes of the type 




Table 2.2 Uv-vi.s Spectroscopic Data for Oxo-Rhenium(V) Complexes 
Parent Ref Solvent Absorption Maxima 	( E ) Compound (nm) (cm 1molldm3 ) 
Re(0)2 Re(0)(OH) Re(OH)2 Re(0)2 Re(0)(OI-J) Re(OH)2 
[Re(0)2(cyclam)]+ H20 0.25% HBF4 40% HBF4 442(5) 491(s) 512,673 
[Re(0)2(cyclam)]+ 2M HC1 - 
- 481(5) - 
[Re(0)2(cyclain)]+ - 
- COnC H2SO4 - 
- 534 
(Re(0) 2 (py) 4 ]+ 78 H20 conc HC1 conc HSO4 445(1240) 513(540) 605 
[Re(0)2(CH3NH2)4] 78 C6H5NH2/ 0.5M HC1 conc HCI 445 500(31) 685(30) 
H20 7:3 
[Re(0) 2 (en) 2 ]+ 78 H20 2M HC1 conc HC1 440(20) 487(19) 610(12) 
[Re(0)2(1,3-pn)2] 83c H20 2M HC1 conc HC1 441 490 610 
[Re(0)2(1,2_pn)2]+ 83c. H20 2M HC1 conc HC1 445 488 612 
Comparison of electronic spectra for the diprotonated 
species formed by the [Re(0)2(amine)] complex in 
concentrated acids show the d-d bands appearing within 
the range, 534-673nm. In the previous studies, conc. HC1 
was found to be a suitable acid in effecting the 
diprotonation of {Re(0)2(L)4121 to [Re(OH)2(L)412 3 , ( L 
= CH3NH2, en, 1,3-pn, 1,2-pn), without causing 
substitution of amine by chloride. This contrasts with 
the observation that [Re(0)2(L')] in conc. HC1 
decomposes rapidly. This is very surprising in view of 
the kinetic stability normally associated with 
macrocyclic species and suggests that the chemistry of 
this system may be more complex than originally proposed. 
The use of conc. H2SO4 in this study to diprotonate 
[Re(0)2(L')] gives a result which should be treated 
circumspectly because of the possibility of oxidation of 
[Re(0)2(L')]• to a protonated Re(VI) species. The 
oxidation of [Re(0)2(L')] to [Re(0)(OH)(L 1 )] 3 was found 
to occur in 30% HC104 (see later). It is interesting to 
note that the oxidation of the non-macrocyclic dioxo 
rhenium systems with conc. H2SO4 Is not reported and this 
demonstrates the ability of macrocyclic ligands to 
stabi 1 ise otherwise unobtainable oxidation states. 
Reaction of (Re203(L')2C14) with NaBPh4 in nitromethane 
yielded crystals of IRe(0)2(L 1 )]Cl.2(BPh3.0H2). The 
crystals were of good quality and a single crystal x-ray 
-40- 
structural analysis was undertaken to determine the co-
ordination and stereochemistry. 
Details of the structure solution are given in the 
experimental section. Selected bond lengths and angles 
are given in Table 2.3. The molecular structure of the 
cation is shown in Figure 2.3. A Pluto plot shows crystal 
packing and extensive hydrogen bonding In Figure 2.4. 
The complex crystallised In the monoclinic space group 
P2i/n with the Re and Cl lying on special positions. 
These conditions meant that the heavy Re atom only 
contributed to half the reflections and it was therefore 
possible to locate all the H-atoms and allow them to 
refine freely. 
The Re atom is bound to all N-donors of the equatorially 
co-ordináted L', Re-N(1) 2.128(3), Re-N(11) 2.135(3)A. 
The trans dioxo ligands complete the octahedral co-
ordination around the Re centre, Re-C 1.756(3)A. The co-
ordinated macrocycle has a 1 ,R ,S,S (translll) 84 
conformation with two amine protons lying above and the 
remaining two amine protons lying below the Re-N4 plane. 
Extensive H-bonding is observed in the crystal between 
the water molecules, chloride counter ions and the amine 
protons of the macrocyclic ligand. The presence of the 
triphenylboron water adduct, Ph3B.0H2 is interesting and 
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Table 2.3 
Bond Lengths and Angles for (Re( 0 )2(L 1 )]Cl.2(BPh3. 0H2) 
Re(1) - 0(1) = 1.756(3) 
Re(1) - 	N(11) = 	2.135(3) 
Re(1) -N(1) 	=2.128(3) 
M(11) - 	C(12) = 	1.484(6) 
C(12) -C(13) 	= 1.524(7) 
- C(14) = 1.541(7) 
- N(1) = 1.489(6) 
N(1) - 	C(2) = 	1.498(6) 
C(2) - 	C(3) = 	1.523(6) 
B(1) - 0(1W) = 	1.602(6) 
B(1) - 	C(21) = 	1.654(5) 
B(1) - 	C(31) = 	1.650(5) 
B(1) - 	C(41) = 	1.636(6) 
0(1) 	- Re(1) 	- N(11) = 	89.29(13) 
0(1) 	- Re(1) 	- N(1) 	= 89.51(13) 
N(11) - Re(1) - N(1) = 	97.31(13) 
Re(1) - N(1) 	- C(14) = 	112.9(3) 
Re(1) - 	N(11) - C(12) = 	111.7(3) 
Re(1) - N(1) 	- C(2) 	= 107.6(3) 
Re(1) - 	N(11) - C(10) = 	106.07(25) 
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Figure 2.3 	Viewof [Re(0)2(L 1 )] 
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Figure 2.4 	Packing Diagram for [Re(0)2(L1)JC1.2(Bph3.0H2) 
presumably forms during the cleavage of the Re-0-Re oxo 
bridge, which may catalyse the hydrolysis of BPh4 - in the 
presence of H20. 
[Re203(L 1 )2C16] 
The reaction of [ReOC13(PPh3)2] with L' in CH2C12 or 
CHCl yields 1'Re203(L 1 )2C14" as described above. 
Interestingly a dark brown solid can also be isolated in 
very low yield. 
The Infrared spectrum of this material shows the 
presence of Li ; v (N-H) 3160, 1625cm -1 , and a mono-oxo 
rhenium stretch Is observed at V (Re0) 910cm 	in 
addition to a broad band assigned as the asymmetric 
stretch v (Re-O-Re) 750cm 
Fast atom bombardment mass spectroscopy shows peaks at 
M= 401 and 419 which have the correct isotopic 
distribution for [Re(0)(L')] and [Re(0)(0H2)(L')] 
respectively, and is therefore unable to verify the 
existance of an oxo-bridged species which presumably 
hydrolyses in the matrix. 
[Re(0)2(L' )](Cl04)2 
Recrystallisatlon of [Re203(L')2C16] from an aqueous 
solution of NaC104 yields purple columnar crystals which 
are explosive on sudden impact. 
Fast atom bombardment mass spectroscopy shows a parent 
-45- 
ion peak, M= 419, with correct isotopic distribution f or 
[Re(0)(OFI2)(L')] and a further peak, M= 401 with 
correct isotopic distribution for [Re(0)(L')]•. 
The UV/vislble spectrum of this material in acetonitrjIe 
shows two d-d transitions at 476.8nm(€= 81.7 M'cm - ') 
and 342nm (c.. = 113.3 M'cm - '). The frozen glass e.s.r. 
spectrum of this material in acetonitrile was recorded at 
77K, Figure 2.5, g.L= 2.060, gii 	= 2.274. Hyperfine 
coupling A" = 140.5G ( 187 Re: 62.9% 1=5/2). A" = 143.2G 
( 185 Re: 37.1% I = 5/2). 
The crystals were of good quality and a single crystal 
x-ray structural analysis was undertaken to determine the 
co-ordination and stereochemistry of the product. Details 
of the structure solution are given In the experimental 
section. Selected bond lengths and angles are given in 
Table 2.4. The molecular structure of the cation is shown 
in Figure 2.6. The complex crystallised in the triclinic 
space group P1 with the Re lying on an inversion centre. 
The Re atom is bound to all N-donors of the equatorially 
co-ordinated Li, Re-N(1) 2.109(8), Re-N(4) 2.128(8)A. The 
trans dioxo ligands complete the octahedral co-ordination 
around the Re centre, Re-0 1.790(7)A. The co-ordinated 
macrocycle shows a R,R,S,S (translll) 84 conformation with 
two amine protons lying above and the remaining two amine 




Bond Lengths and Angles for 
Bond Lengths(A) with standard deviations 
Re(1) - 0(1) 1.790( 	7)  - C(3) 1.510(15) 
Re(1) - N(1) 2.109( 	8)  - N(4) 1.487(14) 
Re(1) - M(4) 2.122( 	8) N(4) C(S) 1.514(14) 
N(1) - C(2) 1.504(13) C(S) - C(6) 1.522(16) 
N(I) -C(7D) 1.505(14) C(6) - C(7) 1.520(16) 
Angles(degrees) with standard deviations 
0(1) -Re(1) - N(1) 91.4( 3) C(2) - C(3) - N(4) 108.4( 8) 
0(1) -Re(1) - N(4) 90.0( 3) Re(1) - N(4) - C(3) 108.3(. 6) 
N(1) -Re(1) - N(4) 82.1( 3) Re(1) - N(4) - C(5) 112.6( 6) 
Re(1) - 	 (1) - C(2) 108.6( 6) C(3) - N(4) - C(5) 115.1(  
Re(1) - N(1) -C(7D) 113.1( 6) N(4) - C(5) - C(6) 111.2(  
C(2) - N(1) -C(7D) 114.9( 8) C(S) - C(6) - C(7) 118.5( 9) 
N(1) - C(2) - C(3) 108.0( 8) C(6) - C(7) -N(1D) 110.8( 9) 
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Figure 2.6 
View of (Re(0)2(Ll)]2+ 
d04 - counter ions confirm the Re(VI) oxidation state. 
Comparison of the [Re02(L')]Cl.2(BPh3.0H2) and 
[Re02(L')](C104)2 structures show the following 
differences. 
Parameter Re(V) Re(VI) Difference S 
Re=0 1.756(3) 1.790(7) 0.034 4.47cr 
Re-N(1) 2.128(3) 2.109(8) 0.019 2.24cr 
Re-N(4) 2.135(3) 2.122(8) 0.013 1.53cr 
N(1)-Re-N(4) 82.67(13) 82.1(3) 0.59 1.79cr 
sThe significance, S, Is calculated by the following 
method: 
e.g. for Re=0. 
= 1.790 - 1.756 
O= (0.0032 + 0.007 2 ) 05 
A1/A0= 4.47 
i.e. the difference in Re=0 bond lengths for the Re(V) 
and Re(VI) structures Is 4.47 standard deviations. 1a 
implies 67% significance, 2Timplles 95% significance and 
30lmplles > 99% signifIcance. Using this approach it is 
apparent that there is significant lengthening of the 
Re=0 bond length in going from Re(V) to Re(VI). This is 
surprising and the converse of what would be expected. It 
is not understood why this occurs. Possible explanations 
could be the fact that different counter ions are present 
and/or the extensive H-bonding observed in the 
crystalline [Re02(L 1 )]Cl.2(BPh3.0H2) causes this effect. 
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The changes in the Re-N bond distances and the N-Re-N 
angles are not significant presumably due to the rigid 
conformation of Li 
(H4L 1 ) 4 .ReC16 2 .2C1 - .4(C113)250. 
A solution of K2ReC16 and Li in water was ref luxed 
f or a period of lh. After this time a black precipitate 
was obtained by filtration of the reaction mixture. 
Washing the filtrate with DMSO gave a pale green solution 
of washings. Slow addition of CH2C12 via a solvent 
diffusion method yielded green crystals. 
The infra-red spectrum of this material shows stretching 
vibrations attributable to both Li and Re-Cl. 
The crystals were of good quality and a single crystal 
x-ray structural analysis was undertaken to determine the 
co-ordination and stereochemistry. Details of the 
structure solution are given in the experimental section. 
Selected bond lengths and angles are given in Table 2.5. 
The molecular structure of the cation is shown in Figure 
2.7 and the crystal packing diagram is shown in Figure 2.8. 
The crystal structure revealed the complex to be 
quadruply protonated L' with ReC16 2- and two Cl - ions 
acting as counter Ions. The quadruply protonated ligand 
and the ReCl 2 anion lie respectively across on 
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crystallographic inversion centres. The conformation of 
the L' cation Is determined by H-bpndlng Interactions to 
the Cl anions and the 0 atoms of the DMSO molecules, 
present as solvent of crystallisation. 
Table 2.5 
Bond lengths and Angles for (H4L1)4+.ReC162.2Cl_.4dmso 
Rc—C1(I) 	23607(11) 
Re-0(2) 23610 (10) 
Re—a(3) 	23597 (10) 
C(3)—N(4) 1493 (4) 
C(3)—C(91 	I 504 (5) 
N(4)—C(5) 1497 (4) 
C(5)—C(6) 	1507 (5) 
C(6)—C(7) 1508 (5) 
C1(I)—Re--C1(2) 	9035 (4) 
C1(l)—Re--C1(3) 90I5(4) 
C1(2)—Re--C1(3) 	9037 (3) 
N(4)—C(3)--C(9) 1153 (3) 
C(3)—N(4)--C(5) 	I154 (3) 
C(3)—N(4)--H(4I) 107•5 (4) 
C(3)—N(4)—H(42) 	I 129 (4) 
C(5)—N(4)—H(41) 108-4 (4) 
C(S)—N(4)--H(42) 	1018 (4) 
H(4I)—N(4)--H(42) 110-7 (6) 
N(4)—C(5)--C(6) 	1107 (3) 
C(5)—C(6) --- C(7) 114-3 (3) 
C(6)—C(7)—N(8) 	1137 (3)  
C(7)—N(8) 	1522 (4) 
N(8)—q9) I 485 (4) 
S(I)—O(I) 	1-483 (4) 
S(I)—C(I1) 1-775(3) 
S(I)—C(I2) 	1-776(3) 
S(2)-0(2) I502 (3) 
S(2)—C(21) 	1-777 (3) 
S(2)—C(22) I •775 (3) 
C(7) --- N(8)--C(9) 	II 58 (3) 
C7)—N(8)—H(8I) I 18-6 (5) 
C(7)—N(8)--H(82) 	I039 (4) 
C(9)—N(8)--1-1(81) 101-4 (4) 
C(9)—N(8)--H(82) 	92-2 (4) 
H(8I)—N(8)—H(82) 122-3 (6) 
C(3)--C(9')—N(8) 	II 28 (3) 
O(1)—S(I}---C(II) 101-80(17) 
0(I)—S(I)—C(12) 	106-07(17) 
C(Il)—S(l)--C(12) 9843 (13) 
0(2)—S(2)---C(21) 	10564 (16) 
0(2)—S(2)--C(22) 105-17 (16) 
C(21)—S(2)--C(22) 	9860 (13) 
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Figure 2.7 	View of (H4L 1 ) 4 
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Figure 2.8 	Packing Diagram of ( 114L 1 ).ReC16 2 .2C1.4dmso 
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The complex assigned as [Re203(L')2C14] was 
synthesised and proved to be a facile route to 
[Re(0)2(L')] via the hydrolysis of the oxo bridge. 
Crystals of {Re(0)2(L 1 )1C1.2BPh3 .0H2 were obtained and an 
X-ray crystal structure determination showed a trans 
Re02 core. 
The species, [Re203(L')C16] was also obtained which upon 
hydrolysis gave [Re(0)2(L')](C104)2. [Re(0)2(L')](C104)2 
also had its structure determined by X-ray 
crystallography. It was later observed that Re(VI)species 
could be generated by oxidation of the Re(V) complexes 
with 30%HC104. 
Of particular Interest to this work is the complex, 
{Re(0)(OH2)(L')j 	which was described in the 
literature83  during the course of this work. The 
assignment of this species is not based upon a structural 
determination. Interestingly this complex is generated by 
a very similar synthetic procedure used in the synthesis 
of the complexes described in this chapter, although a 
significantly shorter reaction time of 5 minutes was 
used. This suggests the formation of a stable 
intermediate in the synthesis of [Re(0)2(L')]', and 
emphasises the complexity of this system. Repeated 
attempts to obtain analytically pure bulk samples of the 
above complexes failed: interconversion between the 
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various species appeared to occur readily in solution and 
thus crystallography was an invaluble tool In identifying 
products in this multi-component system. 
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2.4 Experimental. 
Infrared spectra (4000-250 cm - t) were recorded on a 
Perkin-Elmer 598 spectrometer using the KBr disc method. 
Fast atom bombardment (F.A.B.) mass spectra were'obtajned 
in glycerol/dmf and 3-NOBA matrices on a Kratos MS50TC 
spectrometer. U.v./visible spectra were recorded with a 
Pye Unicam SP8-400 spectrophotometer. K band electron 
spin resonance (e.s.r.) spectra were recorded using a 
Brucker ER-200D spectrometer employing 100KHz field 
modulation. All e.s.r. spectra were recorded as glasses 
in acetonitrile at 77K. 
Preparation of [Re203(L 1 )2C14}. 
[ReOC13(PPh3)21 (200mg, 0.24mmol) was dissolved in 
CHC13 (30cm 3 ) and this solution was added to a stirred 
solution of a molar excess of Li in CHC13. An immediate 
colour change from bright green ([ReOC13(PPh3)21 
solution) to dark brown was observed which fades over a 
10 minute period accompanied by precipitation of 
protonated ligand which was removed by filtration. The 
filtrate was allowed to stir for a further 30 minutes 
after which a dull yellow precipitate of {Re203(L')2C14] 
was also obtained by filtration and washed with CHC13 
and diethyl ether. Recrystallisation was then carried out 
from an acetone/water mixture. 
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I.r. v (N - H) = 3500, 3250cm-' , 5(N-H)= 1615cm-' 
V (Re.0) 	915cm 	, V (frRe-O) = 760cm'. 
F.a.b. Mass Spectrum M= 419. 
Preparation of [Re(0)2(L')]C104. 
[Re(0)2(L')]C104 was prepared quantitatively, by 
dissolving [Re203(L')2C14] in a solution of NaC104 in 
water and stirring the resulting solution at 50 0 C for lh. 
After this time the volume of water was reduced by rotary 
evaporation and acetone was added to precipitate the 
yellow product, [Re(0)2(L')JC104 which was then 
recrystàlllsed from water. 
I.r. V (N - H) = 3220, 1575cm -1 , V (OReO) = 825cm - ' 
F.a.b. Mass Spectrum M = 419 
Preparation of (Re203(L')2C16]. 
[ReOC13(PPh3)2] (200mg, 0.24mmol) was dissolved In 
CH2C12 (30cm3 ) and this solution was added to a stirred 
solution of a molar excess of L' in CH2C12. A colour 
change occurred from green to dark brown which faded, over 
a 10 minute period and the protonated ligand which had 
precipitated was removed by filtration. Instead of the 
expected precipitation of yellow [Re203(L 1 )2C14] a deep 
brown precipitate of [Re203(L')2C16] was obtained. This 
material was collected by filtration and washed with 
CHC13 and diethyl ether. Recrystallisation was then 
carried out from water. It is unclear why this product 
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was obtained and attempts to repeat this synthesis were 
unsuccessful, despite oxygenation of the solvent both 
prior to, and during the reaction sequence. 
I.r. V (N-H) = 3160,6 (N-H) = 1625cm - ',v (RecO) 910cm - ', 
V (Re-O-Re) 750cm -1 . F.a.b. Mass Spectrum M= 401, 419 
Preparation of [Re(0)2(L')](C104)2. 
From a solution of [Re203(L')2C161 In water 
containing a molar excess of NaC104, purple columnar 
crystals of [Re(0)2(L 1 )3(C104)2 were afforded upon slow 
evaporation of the solution. 
F.a.b. Mass Spectrum M = 419, 401 
UV/visible spectrum 476.8nm (= 81.7 M - 'cm - '), 342nm 
(E-= 113.3M'cm 1 ). 
E.s.r. spectrum gJ.= 2.060, g 11= 2.274, A 11= 140.5G 
( 187 Re: 62.9% 1=5/2). A!(= 143.2G ( 183 Re: 37.1% I = 5/2). 
Preparation of (H4L 1 ) 4 '.ReC16 2- .2C1 - .4(CH3)2S0. 
A solution of K2ReC16 (100mg, 0.251mmol) and L' 
(50mg, 0.252mmo1) in water was ref luxed for a period of 
lh. After this time a black precipitate was Isolated by 
filtration of the reaction mixture. (H4L 1 ) 44 .ReCJ6 2. .2C1 
was washed from the filtrand by DMSO giving a pale green 
solution. Slow addition of CH2C12 via a solvent diffusion 
method yielded crystals of (H4L 1 ) 4 .ReC16 2 .2Cl .4(CH3)S0. 
I.r. V (N-H) 3160, S(N-U) = 1625cm -1 , v (Re-Cl) 410, 375cm - ' 
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Crystal Structure Determination of trans-
[Re(0)2(L' )]Cl .2(BPh3 .0H2). 
Pale brown crystals of trans-[Re(0)2(L')]C1.2(Bph3.0H 2 ) 
were grown from CH3CN/ether and a columnar crystal of 
dimensions 0.62 x 0.23 x 0.17mm was selected for data 
collection on a Stoe-Siemens AED2 four-circle 
diffràctometer. 
Crystal Data: C1QH24N402ReC1 - .2(C,8H1sB.H20), M = 
974.26, monoclinic, space group P21/n, a = 9.3869(4), 
b = 13.5504(7), c = 17.7727(11)A, 13 = 91.918(5) 0 , 
V = 2259.3A (from 2evalues of 58 reflections measured) 
at +6.J(30 0 <2<320), D c = 1.432gcm - ' , Z = 2 (Implying that 
the macrocyclic complex cation and the chloride counter -
ion lie on two fold special positions), , t'i = 28.28cm -1 , 
F(000) = 992, \(Mo-Kbc) = 0.71073A. 
Data Collection and Processing: AED2 diffractometer, 
6"-29scans, 3106 unique data (2emax 450,  +h, +k, +1) 
measured using Mo-K( X-radiation, initially corrected for 
absorption by means of cl/scan, max. and mm. 
transmission factors 0.1006 and 0.0667 respectively, 
giving 2350 reflections with F > 6.0(F) for use In all 
calculations. No significant crystal decay or movement 
was observed. 
IME 
Structure Solution and Refinement. 
From the inferred Re position the program DIRDIF 
followed by iterative cycles of least squares refinement 
and difference fourier synthesis 85 located all non-H 
atomic positions. At Isotropic convergence, the final 
absorption correction was applied using DIFABS°. Since 
the Re atom contributes to only half of all reflections, 
it was possible to refine all H-atoms freely, but phenyl 
H-atoms were refined in fixed, calculated positions 86 . 
Anisotropic thermal parameters were refined for all non-H 
atoms. The weighting scheme 	' = 2 (F) + 0.000147F 2 gave 
satisfactory agreement analyses. At final convergence R, 
Rw = 0.0245, 0.0331 respectively, S = 1.149 for 272 
refined parameters and the final AF synthesis showed no 
peak above 0.55eA-3 . Atomic scattering factors were 
inlaid or taken from reference 87 . Molecular geometry 
calculations utilised CALC 86 and the figures were 
produced using ORTEP 88 and PLUT0. 
Crystal Structure Determination of trans-
[Re(0)2(L' )](C104)2 
Purple columnar crystals of trans - ERe(0)2(L')](C104)2 
were grown from an aqueous solution of {Re203(L 1 )2C16] 
and NaC104. A crystal of dimensions 0.81 x 0.23 x 0.08mm 
was selected for data collection on a Stoe-Sjemens AED2 
four-circle diffractometer. 
Crystal Data: C10H24N402Re 24 (C104)2 - . M = 617.38, 
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tricilnic, space group PT, a = 6.7446(10), 
b = 9.1707(14), c = 9.4458(15)A, cK= 113.872(6), 
13 = 91.918(5), Y = 109.870(8), V=482.6A 3 (from 29 values 
of 48 ref lectlons measured) at +tJ(30o<2<32o), 
D=2.124gcm' Z=1p=67.14cm-' , F(000)=301, 
(Mo-KO() = 0.71073A. 
Data Collection and Processing: AED2 diffractometer, )-20 
scans, 1256 unique data (29max 450,  +h, +k, +1) measured 
using Mo-Kc'X-radiation, Initially corrected for 
absorption by means of 	scan max. and mm. transmission 
factors 0.5383 and 0.0678 respectively giving 1256 for F 
> 6.0O(F)f or use In all calculations. No significant 
crystal decay or movement was observed. 
Structure Solution and Refinement. 
The Re position was located from a Patterson map. 
Iterative cycles of least squares refinement and 
difference fourier synthesls85 located all non-H atomic 
positions. At Isotropic convergence, the final absorption 
correction was applied using DIFABS90 . H-atoms were 
refined in fixed, calculated positions. Anisotropic 
thermal parameters were refined for all non-H atoms. The 
weighting scheme - ' = 2 (F) + 0.000080F 2 gave 
satisfactory agreement analyses. At final convergence R, 
Rw = 0.0351, 0.0361 respectively, S = 1.026 for 125 
refined parameters. Atomic scattering factors were Inlaid 
or taken from reference87 . Molecular geometry 
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calculations utilised CALC 8 ' and the figures were 
produced using ORTEP88 . 
Crystal Structure Determination of 
(H4L 1 ) 4 .ReC16 2 .2C1.4(CH3)2S0 
Pale green columnar crystals of 
(H4L') 4 .ReC16 2 .2C1 .4(CH3)2S0. were grown from 
DMSO/CH2C12. A crystal of dimensions 0.73 x 0.29 x 0.33mm 
was selected for data collection on a Stoe-Siemens AED2 
four-circle diffractometer. 
Crystal Data: [CL0H28N41(Cl6Re)C12 .4C2H60S. M = 986.7, 
triclinic, space group PT, a = 9.6479(9), 
b = 9.9716(12), c = 10.9887(9)A, o'= 66.470(7), 
13 = 89.033(4), Y = 84.813(4)°, V = 965.1A 3 (from 2 
values of 34 reflections measured) at 	(26 0 <2<45 0 ), 
D x = 1.697gcm' , Z = 1, /4 = 3.987mnr' , F(000) = 495, 
Au'io-Ko) = 0.71073A. 
Data Collection and Processing: AED2 diffractometer, t3-2 
scans, 2528 unique data (2max 450, +h, +k, +1) measured 
using Mo-Ku X-radlation, initially corrected for 
absorption by means of V/scan  giving 2480 with F > 
60(F) for use in all calculations. No significant crystal 
decay or movement was observed. 
Structure Solution and Refinement. 
The Re atom was located from a Patterson map. 
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Iterative cycles of least squares refinement and 
difference fourier synthesis 85 located all non-H atomic 
positions. At isotropic convergence, the final absorption 
correction was applied using DIFABS 90 . H- atoms were 
refined in fixed, calculated positions 86 . Anisotropic 
thermal parameters were refined for all non-H atoms. The 
weighting scheme 	' = 0 2 (F) + 0.00028F 2 gave 
satisfactory agreement analyses. At final convergence R, 
Rw = 0.0228, 0.0338 respectIvely, S = 1.164 for 257 
refined parameters. Atomic scattering factors were inlaid 
or taken from reference 87 . Molecular geometry 
calculations utilised CALC 86 and the figures were 
produced using ORTEP 88 . 
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CHAPTER 3 
TETRATHIA MACROCYCLIC COMPLEXES OF RHENIUM 
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3.1 Introduction. 
A review of general organorhenium chemistry is 
given as an introduction to the work described in this 
chapter. In addition, a brief survey of second and third 
row transition metal cyclic thloether complexes is 
included. 
3.1.1 Organorhenium Chemistry. 
The majority of organorhenium compounds reported in 
the literature have been prepared from dirhenium 
decacarbonyl, [Re2 (CO)io], rhenium halopentacarbonyls, 
[Re(C0)5X] or the rhenium hexacarbonyl cation, 
[Re(CO)61. Dirhenium decacarbonyl [Re2(CO)10], was 
first prepared in 1941 by Hieber and Fuchs 91 . Reduction 
of Re207 at 250C with 200atm. CO gave quantitative 
yields after 16h. 
[Re207] 	+ 	17C0 -k 	[Re2(C0)10] 	+ 	7CO2 
[Re2(C0)10] can also be prepared from Re03, Re02 and 
Re2S7 using a similar method 92 , or by reduction of ReC15 
or ReC13 with sodium in THF at 130°C and 250 atm. CO. An 
X-ray diffraction study of [Re2(C0)101 , (18), shows a 
Re-Re bond [3.0413(11)A] with each metal coordinated to 
five carbonyl ligands with octahedral stereochemistry. 
The metal octahedra are staggered with the overall 
molecule having approximately D4d symmetry93. 
0 
CO C 
%% N -CO  
OC 	R 	Re CO 
	
C 
44( J It. 
0 C OC 
0 
(18) 
The halide derivatives [Re(C0)5X] (X = Cl, Br) were 
originally prepared by reaction of ReX5, ReX3 or K2ReX6 
at Ca. 200°C with 200atm CO in the presence of copper as 
a halogen acceptor 94 . [ Re(CO)5X] may also be prepared by 
direct cleavage of the metal-metal bond in [Re2(CO) 1 0] 
with X2 at room temperature and pressure in hexane or 
THF9 . 
Carbonyl substitution in the Re(I) pentacarbonyl-
halides [Re(C0)5X] (X = Cl, Br, I) is sixty times slower 
than that observed in correponding Mn(I) complexes but 
for both systems carbonyl substitution has been shown to 
follow a first order rate law with no dependence on the 
incoming ligand. Based upon these data a mechanism was 
proposed involving dissociation of a carbonyl group cis 
to a labilising ligand96 . A study involving 13 C0 exchange 
has shown that the lability of CO cis to X increased in 
the order X = I < Br < Cl i.e., in order of decreasing 
0-donor character of the halide 97 . Mono-substitution of 
WIC 
[Re(CO)5X] (X = Cl, Br, I) by a ligand, L, is usually 
best achieved with one equivalent of L in ref luxing 
solvent, or by cleavage of the bridged dihalide species, 
[(Re(CO)X)2] 98 . Further substitution of a carbonyl 
ligand from {Re(CO)4LX] is thought to occur in a similar 
manner to that described above with the co-ordinated 
ligand, L, exhibiting a further cis labilising effect on 
CO. Thus the five co-ordinate intermediate [Re(CO)3LX] is 
formed by dissociative loss of a carbonyl group which is 
mutually cis to both the halide, X, and L 99 . Formation 
of the fac -isomer of [Re(CO)3L2X] has been interpreted 
in terms of nucleophilic capture of the square pyramidal 
species as illustrated in Scheme 3.1100. 
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The isolation of mer, trans- [Re(CO)3XL2] is seen as a 
result of steric interactions between the substituting 
ligand, L, favouring a square pyramidal 16e isomer as an 
intermediate . Fac -[Re(CO)3XL2] may undergo 
isomerisation to mer, trans- [Re(CO)3XL2] on heating'°' 
Alternatively oxidation using NOBF4 followed by 
reduction can also achieve this conversion via a proposed 
mechanism involving facial rotation' 02 , Figure 3.1. 
Figure 3.1: Facial Rotation of [M(CO)3(L)2X] 
Substitution reactions of [Re(CO)5X] (X = Cl, Br, I) 
with N-donor ligands 
Ammonia, primary and secondary amines react with 
[Re(CO)5C1] to yield carbonyl complexes, which can 
undergo acid cleavage to generate amine substituted 
complexes' 03 ,e.g. bubbling NH3 through a solution of 
[Re(CO)5C1] in hexane at 600C for lh generates the 
complex, cis- [Re(CO)4(NH3)(CONH2)], which reacts 
further with NH4C1 and NH3 to afford [Re(CO)4(NH3)2] and 
[Re(CO)3(NH3)3]. The complexes fac-[Re(CO)3(NH3)2C1J and 
fac-[Re(CO)3(NH2C6H5)2C1] are formed when {Re(CO)5Cl] is 
treated with ammonia or aniline, respectively, In 
benzene 104,105 The nitrogen heterocycles, 
L = pyridine' 06109 , 	K -picoline 109, 
2,2 1 -bipyridine'° 7110 and 1,10-phenanthrollne 107 , 
react readily with [Re(CO)5X] (X = Cl,Br,I) to afford 
fac- {Re(CO)3X L21 or fac- [Re(CO)sX(L-L)]. 
Substitution reaction of [Re(CO)3XL2] (X = Cl, Br, I) 
with P- and As-Donor ligands. 
Complexes of the type [Re(CO)3X L21 or 
[Re(CO)3X(L-L)J are well known with P and As-donor 
ligands L, L = PPh3, PPh2Et' 0 , PPh2tle, PPh2H, 
P(NMe2)3 111 , AsPh3 106 , diphos and diars 110• Structural 
characterisation has shown these complexes to exist as 
the fac- Isomers, with the exception of the P(NMe2)3 
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complex, which exists as the mer- isomer. The potentially 
tridentate 11and triars, reacts with [Re(CO)5C1] to 
yield fac- [Re(C0)3(triars)Cl1 in which the triars ligand 
is bound in a bidentate manner' 12 . The reaction of triars 
with [Re(CO)6]' yields fac- [Re(CO)3(triars)]'in which 
the triars ligand is tridentate' 12 
Substitution reactions of [Re(CO)5X] (X = Cl, Br, I) with 
O,S and Se-Donor ligands. 
0-donor ligands react with [Re(C0)5X] to yield 
complexes of the type [Re(C0)3XL2] (where L = C5H5NO, 
Ph3PO, L2= bipy02, diphos02) 113 . Treatment of [Re(C0)5X] 
with silver perfluorocarboxylates, AgRfCO2m affords 
pentacarbonyl complexes of the type [RfCO2Re(C0)5] 114 . 
Tricarbonyl derivatives, [Re(CO)3 L2XJ (L = SEt2, SeEt2) 
have been obtained by the reaction of [Re(C0)5X] with 
excess -1 igand, L' 1 3 
Substition Reactions of [Re(CO)5X] (X = Cl, Br, I) with 
halides. 
An extensive halocarbonyl chemistry exists and is 
summarised in Scheme 3.2. 
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Scheme 3.2 Reactivity of Rhenium Halo-Carbonyl Compounds. 
[Re'-L)3(CO) F 
c01-[Re X 3 (CO)3 ]< 	 Re(C0)5 X 	 )[ReXCOf 










( [Re(COX] 	(1) 	[Re(COXf 	 UReX(CO)3 ] 
(5) 	 (8 ) 	 (10) 
L = H or Pr'O, HX 25 0 C. 116 
x.s. Et4NX, diglyme, 1100C •116 
Stoichiometric Et4NX, diglyme, 110 0 C. 116 
HCO2H/ HX, ref lux, X=C1 >> Br 117 
HCO2H/ HX, ref lux, X=C1> Br >1 117 
X=C1, [Re(CO)5(SO2)] 	X = Br, 0.5 AgAsPF6In SO2 
X=I, 2[Re(CO)5(SO2)]' + 	118 
4 Ph3MeEI (E=P, As), EtOH, 48h 98 
2 Ph3MeEI (E=P, As), EtOH, 24h 98 
evaporate HCO2H/HX solns. 117 
hexane, ref lux'' 9 
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Et4NX, diglyme, 1400C '' 
0.5 Et4NX, CHC13,reflux 120  
Ph3MeEI (E = PAs), PrOH, reflux 12h 98  
heptane, reflux 119 
3.1.2 Porphyrin and Macrocyclic Complexes of Rhenium 
Several rhenium porphyrin complexes are known which 
can be divided into two basic species (7) and (8) 
Ref luxing a decalin solution of [Re2(C0)lo] with L = 
mesoporphryrin IX dimethyl ester, [H2MPL or 
mesotetraphenyl porphyrin, [H2TPP] affords either the 
mononuclear complex lRe(C0)3LL (7), or the corresponding 
binuclear complex [Re(C0)3]2L, (8), depending on the 
stoichiometry of the reactants 27 . [Re(C0)5X] (X = Cl, Br, 
I) may also be used to generate these metal loporphyrin 
species; thus treatment of [Re(C0)5C1] with 
octaethylporphyrin, [H20EPL in refluxing decalin gives 
[Re(C0)3(OEP)] 121 . 
Reaction of [Re(C0)5Br] with L, L = [9]aneN3 or 
Me3[9]aneN3 in DMF at room temperature affords 
[Re(C0)3L]. Oxidative decarbonylatlon of [Re(C0)3L] 
with NOBF4 or HNO3 generates [Re(N0)(C0)2Lj 2 and 
[Re(0)3L] respectively' 22 . [Re(N0)(C0)2LP has been 
used further to generate [Re(N0)(C0)(NH3)LJ 2 and 
lRe(N0)(C0)XL] (X = Me, Cl, HCO2, F3S03) 123 . The 
synthesis and structure of [Re([9)aneS3)(C0)31 was 
published 124 during the course of the experimental work 
described in this chapter. 
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Two examples of oxidation of a Re(I) carbonyl species are 
mentioned above, namely oxidation of 
[Re(CO)3([9]aneN3)]. This was achieved with NOBF4 to 
give [Re(CO)2(NO)([9JaneN3)] 2 and with HNO3 to give 
[Re(0)3([9]aneN3)1. Only a few other examples of 
oxidative reactions are known. [Re(CO)3(PPh3)2C1] can be 
oxidised with [Et30BF4] to give [Re(CO)3(PPh3)2C1]' 125 . 
Interestingly C12 and Br2 have been used to oxidise Re(I) 
halocarbonyl species. The seven co-ordinate species 
{Re(CO)2C13(PPh3)2] can be synthesised from 
[Re(CO)3(PPh3)2C1] by reaction with C12126. Br2 oxidation 
of [Re(CO)3(PR3)2Br] (PR3 = PMe2Ph, PEt2Ph, PMePh2, PPh3, 
PPh2C6H4Me-4 or P(C6H40Me-4)3) yields seven co-ordinate 
Re(III) complexes [ReBr3 (CO)2(PR3)21 only for the less 
sterically demanding phosphines, PMe2Ph, PEt,Ph and 
Pr4ePh2. The room temperature bromination of fac - 
[Re(CO)3(PPh3)2Br] did not cause oxidation but resulted 
in the formation of iner- ,trans -[Re(CO)3(PPh3)2Br]. Where 
PR3 = PPh2C6H4Me and P(C6H4OMe)3, oxidation with Br2. was 
not achieved even under forcing conditions, proposedly 
due to steric constraints 127 . Treatment of fac-
[ReX(CO)3(diamine)] (X = Cl or Br, diamine = 2,2 1 -
bipyridyl (bipy); X = Br, diamine = 2,9-dimethyl-1,10-
phenanthroline) with C12 or Br2 affords 
[Re(CO)2C13(bipy)] and [Re(CO)2Br3(2,9,-Me2-phen)] 
respectively. 
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Thioether Macrocyclic Complexes of 2nd and 3rd Row 
Transition Metals 
Several reviews of thioether macrocyclic complexes 
have been published. 128 ' 129 
General properties of Thioethers as Ligands. 
Traditionally, thioethers are thought of as poor 
donors to transition metals. 23 One reason for this Is the 
number of formal lone-pairs on the donor atom. If we 
consider the series; RsP, R2S and RCI, the lone pairs 
remaining after co-ordination are 0, 1 and 2 
respectively. 	Thus a repulsive term exists between lone 
pairs on the ligands and the metal-based electrons. 
Thioethers may, in principal, act as li-acceptor or iT-
donor ligands. This ambiguity arises because the S-donor 
has empty d-orbitals or S-C 0'orbitals which may be of 
correct symmetry and energy to act as it-acceptor 
orbitals, but since two lone pairs are available on S in 
R2S, thioethers may also have the potential to act as '11-
donors 128 
In recent years cyclic thioether chemistry has 
blossomed. Cyclic thioether ligands have been shown to 
achieve complexat Ion to metal centres not possible for 
the straight chain analogues of these ligands. 23 This can 
be attributed largely to the thermodynamic and kinetic 
macrocyclic effect described earlier in this work. An 
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interesting effect, manifest in many macrocyclic 
thioether metal complexes, arises from the 
stereochemistry imposed on these complexes by virtue of 
the proximity of donor atoms within a rigid organic 
framework. Thus, unusual stereochemistries and/or 
oxidation states have been generated 129 
Niobium 
Niobium forms complexes with [14]aneS4, [16]aneS4 
and [203aneS4. These complexes have the general formula 
[NbC15]2L, (19),in which two S-donor atoms are left unco-
ordinated, or [NbC13]4L, (20), where the ligand is bound 
through all of its S-donor atoms. 130  Similar complexes 
are reported for [24]aneS6 i.e. [NbCl3][2]aneS6 13 ' 
(n = 3, 6). 
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U 	-- S - Nb—C l. —Nb 
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Cl \ Cl 
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Molybdenum and Tungsten 
A useful method of synthesising [9]aneS3, Scheme 
3.3, involves the use of the Mo(CO)3 moiety as a template 
around which the condensation reaction of the open-chain 
dithiolate and 1,2-dibromoethane occurs. 132 
Scheme3.3: Template Synthesis of [9)aneS3 around tlo(CO)3 
Fragment. 
Mo(CO) 3 (CH CN) J + 	SCH2CH2SCH2CH2S - -4 
[Al 	 [81 
2 - 
S S S 
Mo 
/I\ 
CO CO CO 
[Cl 
[C] 	f 
S S S 
__ \IZ 
2 
BrCH,CH Br 	 Mo 
CO CO -co [Dl 
I1 
	
+ 	[D] 	 IC] 	+ 	[9]aneS3 
In addition to the species Mo(CO)3[9llaneS3, 
[MOC13 [9]aneSs] is also known. 133  Complexes with 
tetrathia macrocyclic ligands show a variety of different 
co-ordinational possibilities which include the ligand as 
a tridentate moiety, {Mo(CO)3([14]ane S4)]. 14 or as a 
tetradentate 1 igand, [Mod2 ([ l6laneS4)] 	In addition 
several species are known where the macrocyclic ligand 
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acts as a bridging species, [M0OC13(THF)12[14]aneS4. 136 
With the ligand, {18]aneS6, the complexes 
[M(CO)3([18]aneS6)] (M = Mo, W) are prepared by the 
reaction of [M(CO)61 with [18]aneS6. 137 
Technetium and Rhenium 
No Tc complexes are known however the ease of 
complexation of Re and Mo with cyclic thioethers suggests 
that such Tc complexes are a viable synthetic target. No 
Re cyclic thioether complexes were known at the outset of 
this work. During the course of this work the synthesis 
and structure of [Re(CO)3([9]aneS3)] has been 
published. 124 This complex has also been characterised in 
this work along with [Re(CO)3([12]aneS4), 
[Re(CO)3Br([14]aneS4)], [Re(CO)3Br([15]aneS5)] and the 
partial characterlsatlon of [Re(CO)3Br([18]aneS6)]. 
Ruthenium and Osmium 
Several Ru cyclic thloether complexes have been 
reported. Reaction of [RuC12(arene)21 (arene = 4-
MeC6H4'pr, C6Me6, C6H6) with two equivalents of [9]aneS3 
or [12]aneS3 affords the homoleptic thioether complexes 
[Ru([9]aneS3)2]2 138 and [Ru([12]aneS3)2]2 139• The 
electrochemistry of [Ru([9]aneS3)2] 24 is interesting in 
that the Ru(II))/(III) couple occurs at a particularly 	do 
anodic potential, +1.41V vs Fc/Fc. This redox stability 
is attributed to the electronic and stereochemical 
requirements of d6 Ru(II) being favourably accommodated 
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by the soft, facially binding, trldentate crown. 138 
Several ruthenium half sandwich complexes of the type 
[RuX2 (PR3)([9]aneS3)] 14 ° and RuX(PR3)2 ([9]aneS3)] 140 
(X = Cl, Br; PR3= PPh3, PEtPh2, PEt2Ph, PMe2Ph) are 
known. Reaction of [RuC13(PR3)3] with [9]aneS3 under 
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Complexes with tetrathia ligands have been synthesised 
although the chemistry has not been developed to the same 
extent as that for the tridentate ligands. Reaction of 
K2[RUC15(OH)] with L (L = [13]aneS4, [14]aneS4, 
Bz[15]aneS4) affords {RuCl2(L)]. 14 ' The complex cis-
[RuC1PPh3([12]aneS4)]• (22) can be synthesised by 
reaction of [RuC12(PPh3) 3 ] with [12IaneS4. 142 The 
ro..cr'12. IT - 	 r1cIqQ' 
L 	 L 	 - 	 ¼ 	- L J. LI J 	 - - - 	 I '.J .J 	 - - 	 ) lLIC y 
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be synthesised from either, RuC13.3H20 or [Ru(dmso)6] 2 + 
with the respective ligand. [18]aneS6 has also been shown 
to act as a bridging ligand between two Ru centres. 
[Ru2C12(arene)2([18]aneS6)] 2 , (23), (arene = C6H6, C6Me6, 
4-MeC6H4'pr) is afforded by the reaction of 
[RuC12(arene)12 with [18]aneS6 144 . 
Cyclic thioether 	Os chemistry shows many 
similarities to the 	Ru chemistry already discussed. 
{Os([9]aneS3)2] 2 is known40  along with a range of mixed 
sandwich and half sandwich complexes eg. 
[Os(4-MeC6H4 'pr)([9]aneSs)]2 14 and 
[OsH(CO)(PPh3)([9]aneS3)1+. 145  [OsC14([14]aneS4)] has 
been proposed 146 and as such represents the only 
tetrathia-macrocyclic complex of Os. The binuclear osmium 
species, [Os2C12(4-MeC6H4'pr)2([18]aneS6)J2 14' is 
afforded by reaction of [Os(4-MeC6H4'pr)Cl2]2 with 
[18]aneS6. 
Rhodium and Iridium 
Both Rh and Ir form a variety of complexes with 
cyclic thioethers. Treatment of Rh(H20)6] 3 or Rh(III) 
trif late with two equivalents of [9]aneS3 affords 
[Rh([9]aneS3)2] 3 which diffraction studies have shown to 
be octahedral about the Rh(III) centre. 147 The 
electrochemistry of [Rh([9]aneS3)2]3 shows two 
reversible one electron reductions; E,,2 = -0.71V and 
-l.OSV vs Fc/Fc assigned to the Rh(III)/(II) and 
Rh(II)/(I) couples respectively. The Rh(II) species has 
been generated by controlled potential electrolysis in 
acetonitrile and gives a strong e.s.r. signal with g 
values of 2.085, 2.042, 2.009 measured at 77K as a frozen 
glass. 147 Although the stereochemistry of the Rh(II) 
species has not been confirmed by X-Ray diffraction it is 
probably iso-structural with the related d7 Pd(III) 
complexes 148 i.e. having tetragonally elongated 
octahedral geometry (24). 
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The geometry of 'the Rh(I) species Is not known but once 
again by analogy with related hexathia complexes, i.e. 
Pd(II), 149 Pt(II),'° Au(III),' 51 it might be expected 
that a square planar geometry with weak apical 
interactions to the remaining S-donor atoms would be 
observed. Dirhodium carboxylates react with [9]aneS3 
yielding polymeric adducts of stoichiometry 
[[Rh2 (OOCR)4]3([9]aneSa)2J 152 The mixed sandwich 
complex, [Rh(C5Me5)([9]aneS3)]2' has been synthesised 
from [Rh(C5Me5)Cl2]2 and one molar equivalent of 
[9]aneS3 153 
Rh(III) complexes with L = [12]aneS41 154 [14]aneS4 155 and 
[161aneS4 156 have all been synthesised from 
[Rh(C5Me5)C12]2 with the appropriate ligand to afford 
[Rh(L)C12]. When L = [12]aneS4 or [14]aneS4 the cis-
isomer is formed, for L = [16]aneS4 the trans-isomer is 
obtained. This observation is consistent with the 
variation in cavity size on going from the 12 to 16 
rnembered ring. Several Rh(I) complexes are known [Rh(L)] 
(L = [14]aneS4, 155 Me4[14]aneS4, 57 Bz{15]aneS4 155 ). The 
Rh(I) species are strong nucleophiles and undergo 
oxidative addition reactions with CH2C12, CH3I, 
C6H5CH2Br and CH3COCl. 7 The bridged species 
[Rh2(C5Me5)2C12([14]aneS4)J 2 + is afforded by treatment of 
[Rh(C5Me5)C12]2 with [14]aneS4. 144 
[RhC12([18]aneS6)] has been synthesised by treatment of 
RhC13 with [18]aneS6. 154 The hexathiaether complexes 
[Rh2(Cod)2([20]aneS6)12 158, and 









[Ir([9aneS3)2] 3 .and [Ir(H)([9]aneS3)2j 2 	can be 
synthesised in low yield with extended reaction times. 159 
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[Ir([9]aneS3)2] 	has octahedral geometry around the Ir 
centre. For [Ir(H)([9]aneS3)2] 2 ,(26), one {9]aneS3 
ligand is bidentate, the remaining sixth site of the 




1 S _-S 
c s 
(26) 
This hydride species is thought to occur via addition of 
H to {Ir([9]aneS3)2]. Reaction of IrC13 with [14]aneS4 
affords çis- [IrCl2([14]aneS4)] •160 The bridged species 
[1r2(C5Me5)2C12([18]aneS6)], directly analogous to the Rh 
species described above,ls also known 153 . 
Palladium and Platinum 
[Pd([9]aneS3)21J 2 + can be synthesised by reaction of 
[PdC14] 2- with two equivalents of [9]aneS3 149 . The 
crystal structure of [Pd([9]aneS3)2} 2 shows that a 
stereochemical compromise Is achieved between the square 
planar preference of d8 Pd(II) and the facially binding 
[9]aneS3 tridentate ligand. The structure shows a square 
planar arrangement around the Pd(II) with long range 
apical interactions. It Is possible to generate the 
[Pd([9]aneS3)2] 3 species both chemically and 
electrochemically, the structure of which shows 
tetragonal ly elongated octahedral geometry. 
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Insertion of Pd(II) Into, [12]aneS4, [141aneS4 and 
[16]andS4, has been achieved with the expected square 
planar co-ordination around the Pd(II) centre' 6 ' . The 
complex [Pd([15]aneS5)]2 has been synthesised. The 
pentadentate ligand forces a distorted trigonal 
bipyramidal geometry 162 . 
[Pd([18]aneS6)] 2 , (27) ,shows many similarities to 
[Pd([9]aneS3)2] 2 '. Square planar geometry with long 
apical interactions is observed for the Pd(II) species 
and upon oxidation to [Pd([18]aneS6)]3 a tetragonally 
elongated octahedral geometry Is observed' 63 . 
S çQ• ; 
(27) 	
s? 4T 
[Pt([9]aneS3)2] 2 Is not Iso-structural with 
[Pd([9]aneS3)2] 2 In the solid state. A square-based 
pyramidal structure I-s observed for [Pt([9]aneS3)2] 2 + 
with one S-donor atom not Involved in interaction to the 
Pt(II) centre' 50 Electrochemical or chemical oxidation 
can be employed to generate [Pt([9]aneS3)2] 3 and 
[Pt([91aneS3).2] 4 . Reactionof [PtMe3C114 with [9]aneS3 
and [12]aneS4 yields [PtMe3([9]aneS3)] and 
[PtMe3([12]aneS4)] 164 . Like Pd, Pt forms a complex with 
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[15]aneS5, [Pt([15]aneS5)] 2 which shows a less distorted 
square based pyramidal geometry than that observed for 
the Pd analogue 162 
With [18]aneS€ the complex [Pt([18]aneS6)] 2 can be 
prepared. An X-ray diffraction study shows a square 
planar geometry with long range apical interactions' 63 
The aim of the work contained within this chapter 
was to synthesise a range of thioether rhenium(I) 
complexes. This class of compounds was previously 
unreported in the literature. It was hoped that oxidation 
of these species might yield complexes exhibiting unusual 
electronic and structual properties. 
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3.2 Results and Discussion 
[Re(CO)3([9]aneS3)]X (X = Br, PF6, 10 
Treatment of [Re(C0)sBr] with one molar equivalent 
of [9]aneS3 in ref luxing THF for 12h affords a white 
solid in Ca. 85% yield. 
The infrared spectrum (KBr disc) of the product shows 
bands typically associated with the [9]aneS3 macrocyclic 
ligand; v (C-H) 290-3000cm 1 , v (C-S) 	1410, 1440 cm'. 
Strong carbonyl bands are also present; v (c-o) 2020, 
1980, 1940cm -1 . 
The 'H nmr spectrum of the complex in d6 DMSO shows a 
broad singlet at 3.13 ppm assigned to the methylene 
protons of the inacrocyclic ligand. The 'C nmr spectrum 
shows a single resonance at 34.95 ppm consistent with the 
six equivalent carbons of the macrocyclic ligand. In 
addition the 'C nmr spectrum also shows a single 
resonance at 188.83 ppm assigned to the carbonyl carbons. 
Fast atom bombardment mass spectroscopy of this 
complex shows a parent ion peak at M = 451 having the 
correct Isotopic distribution for [Re(C0)3([9]aneS3)]•. 
Peaks are also observed for successive loss of carbonyl 
ligands; [Re(C0)2([9]aneS3)], M = 423; 
[Re(C0)([9]aneS)1, M = 395; [Re([9]aneS3)1, 
M = 367. 
On the basis of these data the product is assigned 
as [Re(CO)3({9]aneS3)]Br. 
Elemental Analysis for [Re(CO)3([9]aneS3)](pF6): 
Expected: C 18.2, %H 2.02, %N 0.0. 
Obtained; %C 18.5, %H 2.02, %N 0.94. 
Cyclic voltammetry of [Re(CO)3([9]andS3)](PF6) in CH3CN 
(O.1M TBAPF&) showed an irreversible reduction at -0.9V 
vs Fc/Fc and no oxidation was observed before the 
solvent front at +1.715V vs Fc/Fc. The irreversible 
reduction can probably be attributed to the Re (I)/(0) 
couple accompanied by demetallation of the complex since 
coating of the electrodes was observed. 
Whilst studying the reaction of [Re(C0)3([9]aneS3)]Br -
with CH3I (see below) in the 	hope 	of achieving 
oxidative.addjtion to afford a Re(III) species, single 
crystals of [Re(CO)3([9]aneS3)](13) were obtained. The• 
intense red crystals were of good quality and a single 
crystal x-ray structural ana.lysis was undertaken to 
determine the co-ordination and stereochemistry. Details 
of the structure solution are given in the experimental 
section. Selected bond lengths and angles are given in 
Table 3.1. The molecular structure of the cation is shown 
in Figure 3.1. 
[Re(CO)3([9]aneSs)](13) crystallised In the triclinic 
space group PT, with all atoms lying on general 
positions. As predicted from infra-red and n.m.r. 
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Table 3.1 
Bond lengths and Angles for (Re(CO)3((9]aneS3 ).)1 3 
Bond Lengths(A) with standard deviations 
Re(1) - 	 S(1) 2.4505(18) S(4) - C(S) 1.846( 	8) 
Re(1) - 	 S(4) 2.4588(19)  - C(6) 1.531(11) 
Re(1) - 	 S(7) 2.4646(18)  - 	 S(7) 1.809( 	8) 
Re(1)  1.927( 	8) S(7) - C(8) 1.818( 	7) 
Re(1)  1.942( 	7) C(8) - C(9) 1.543(10) 
Re(1)  1.928(8)  -0(01) 1.150(10) 
S(1) - C(2) 1.806( 	8)  -0(02) 1.124( 	9) 
S(1) - C(9) 1.825( 	8)  -0(03) 1.164(10) 
 - C(3) 1.533(11) 1(1) - 	 1(2) 2.9739( 	8) 
 - 	 S(4) 1.812( 	8) 1(2) - 	 1(3) 2.8599( 	9) 
Angles(degrees) with standard deviations 
S(1) -Re(1) - 	 S(4) 84.77( 	6) C(2) - 	 S(1) - C(9) 102.7( 4) 
S(1) -Re(1) - 	 S(7) 34.29( 	6) S(1) - 	 C(2) - C(3) 114.4( 6) 
S(1) -Re(1) -C(01) 94.05(23) C(2) - 	 C(3) - 	 S(4) 113.7( 5) 
S(1) -Re(1) -C(02) 177.02(21) Re(1) - 	 S(4) - C(3) 102.0( 3) 
S(1) -Re(1) -C(03) 93.85(25) Re(1) - 	 S(4) - C(5) 105.7( 3) 
S(4) -Re(1) - 	 S(7) 85.03( 	6) C(3) - 	 S(4) - C(5) 102.3( 4) 
S(4) -Re(1) -C(01) 88.48(23) S(4) - C(5) - C(6) 110.9( 5) 
S(4) -Re(1)  93.86(21) C(S) - C(6) - 	 S(7) 115.5( 5) 
S(4) -Re(1)  178.60(25) Re(1) - 	 S(7) - C(6) 100.73(25) 
S(7) -Re(1)  173.42(23) Re(1) - 	 S(7) - C(8) 106.60(24) 
S(7) -Re(1)  92.96(21) C(6) - 	 S(7) - C(8) 102.4( 3) 
S(7) -Re(1)  5.10(25) S(7) - C(8) - C(9) 112.7( 5) 
C(01) -Re(1) -C(02) 88.6( 	3) S(1) - C(9) - C(8) 113.9( 5) 
C(01) -Re(1) -C(03) 91.4( 	3) Re(1) -C(01) -0(01) 178.3( 7) 
C(02) -Re(1) -C(03) 87.5( 	3) Re(1) -C(02) -0(02) 174.7( 6) 
Re(1) - S(1) - C(2) 105.6( 	3) Re(1) -C(03) -0(03) 177.9( 7) 
Re(1) - S(1) - C(9) 102.98(25) 
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Figure 3.2 	
View of (Re(CO)3((9]anes3))+ 
Imem 
spectroscopy the [93aneS3 ligand binds facially to the Re 
atom. The octahedral geometry is completed by the three 
carbonyl ligands. The Re-S distances are 2.4505 (18)A, 
2.4588(19)A and 2.4646(18)A which are typical for the 
Re-S distances observed throughout this work. Comparison 
of the Re-C bond lengths with analogous Re(I) carbonyl 
species show them to be typical of those observed 
throughout this work and elsewhere; Re-C = 1.927(8)A, 
1.942(7)A, 1.928(8)A. The S-Re-S angles are 84.77(6) 0 
and 85.03(6) 0 showing deviations from an ideal octahedral 
angle of 900 because of constraints imposed by the cyclic 
1 igand. 
[Re(C0)3([12]arieS4)X (X = Br- , PF6 - ) 
Treatment of[Re(C0)5Br] with one molar equivalent of 
[12]aneS4 in ref luxing THF for 12h affords an off-white 
complex on precipitation from the cold THF solution by 
addition of diethyl ether. 
The infrared spectrum (KBr disc) of this complex shows 
bands associated with the co-ordinated [12]aneS4 
macrocyclic ligand; v (C-H) 2840-3000cm -1 , v (C-s) 
1390,1405 and 1440cm -1 . Strong carbonyl bands are also 
present V (C-a) 2040, 1920, 1940 and 1960cm -1 . 
Due to the greater solubility of [Re(CO3)([12]ane54)]Br 
over that exhibited by [Re(C0)3([9]aneS3)], it was 
possible to run a solution infrared spectrum In addition 
to that obtained with a KBr disc described above. 
Mon 
A solution of [Re(C0)3([12]andS4)] in CH3NO 2 showed the 
following bands in the carbonyl region; 
V c-o 2015 cm - ', 1880, 1905, 1950, 1965 and 1980cm-' 
The complexity of this pattern is presumably as a result 
of inequivalence of the macrocyclic ligand co-ordinated 
trans to the carbonyl ligarids resulting from an 
overall lowering of symmetry from ideal octahedral 
geometry. 
Fast atom bombardment mass spectroscopy of this complex 
shows a parent ion peak, M = 511, with Isotopic 
distribution corresponding to the molecular formula 
[Re(C0)3([12]aneS4)]. As for [Re(C0)3([9]aneS3)], 
successive loss of carbonyl ligands is observed; 
[Re(C0)2([12]aneS4)], M = 483; [Re(C0)([12]aneS4)], 
M= 455; [Re([12]aneS4)], M = 427. 
Elemental Analysis for [Re(C0)3([12]aneS4)]Br; 
Expected; ZC 22.4, ZH 2.46, ZN 0.0. 
Obtained; %C 22.4, %H 2.71, ZN 0.0. 
The 'H n.m.r. spectrum of this complex in d6 DMSO shows a 
second order pattern between 2.72 and 3.35 ppm assigned 
to the methylene protons of the macrocyclic ligand. The 
'C n.m.r. spectrum of this complex shows a broad 
resonance centred at 195.6 ppm, assigned to the 
quarternary carbonyl carbons and a broader resonance 
between 33-39 ppm assigned to the carbons of the 
macrocyclic ligand. The broadness of the resonances 
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obtained in the 13C n.m.r. spectrum can possibly be 
assigned as arising from a fluxional process. 
Unfortunately the poor solubility of this complex meant 
that a variable temperature n.m.r. study was not possible 
On the basis of the above data the product is assigned 
as [Re(CO)3([12]aneS4)JBr. 
Single crystals were grown from CH3CN/diethyl ether 
by vapour diffusion and a single crystal structure 
determination was undertaken. Full crystallographic 
details are given in the experimental section. A summary 
of selected bond lengths and angles is given in Table 
3.2. A view of the 1Re(CO)3([12]aneS4)1 cation is shown 
in Figure 3.3. 
[Re(CO)3([12]aneS4)](Br) crystallises in the triclinic 
space group P1 with all the atoms lying on general 
positions. (The crystal structure determination showed 
the presence of two molecules per asymmetric unit, since 
these have essentially. the same structure only one 
molecule is discussed). The {Re(CO)3([12]aneS4)] cation 
has octahedral geometry, three of the four S-donor atoms 
are bound to the metal centre leaving one S-atom unco-
ordlnated. The octahedral geometry is completed by three 
carbonyl ligands giving a fac- tricarbonyl Re(I) moiety. 
Re-S distances are 2.452(5)A, 2.476(4)A and 2.493(5)A 
which are very similar to other Re-S distances observed 
in this work. The Re-C distances are 1.904(16)A, 
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1.911(20)A and 1.907(20)A. The S-Re-S angles where the 
two co-ordinated S-donor atoms are separated by a 
methylene unit In the macrocyclic ligand are 84.56(14) 0 
and 82.86(15) 0 . 
Table 3.2 	Bond lengths and Angles for (Re(CO)3([12]aneS4)) 
Bond Lengths(A) with standard deviations 
Re(1) -S(11) 2.452( 	5) Re(2) -S(21) 2.464( 	4) 
Re(1) -S(14) 2.476( 	4) Re(2) -S(24) 2.488( 	4) 
Re(1) -S(110) 2.493( 	5) Re(2) -S(210) 2.488( 	4) 
Re(1) -C(101) 1.904(16) Re(2) -C(201) 1.926(15) 
Re(1) -C(102) 1.900(20) Re(2) -C(202) 1.937(16) 
Re(1) -C(103) 1.907(20) Re(2) -C.(203) 1.904(16) 
S(11) -C(12) 1.75( 	3) S(21) -C(22) 1.830(14) 
S(11) -C(112) 1.780(20) S(21) -C(212) 1.823(18) 
C(12) -C(13) 1.30(4) C(22) -C(23) 1.517(21) 
C(13) -S(14) 1.83(3) C(23) -S(24) 1.806(16) 
S(14) -C(15) 1.825(20) S(24) -C(25) 1.840(15) 
C(15) -C(16) 1.51( 	4) C(25) -C(26) 1.531(21) 
C(16) -S(17) 1.77( 	3) C(26) -S(27) 1.811(16) 
S(17) -C(18) 1.81(3) S(27) -C(29) 1.810(19) 
C(18) -C(19) 1.46( 	4) C(28) -C(29) 1.44( 	3) 
C(19) -8(110) 1.744(24) C(28) -8(210) 1.804(18) 
S(110)-C(111) 1.86(3) S(210)-C(211) 1.759(21) 
C(111)-C(112) 1.40(3) C(211)-C(212) 1.47(3) 
C'(101)-O(101) 1.153(20) C(201)-0(201) 1.146(20) 
C(102)-0(102) 1.17(3) C(202)-0(202) 1.134(20) 
C(103)-0(103) 1.15( 	3) C(203)-0(203) 1.153(21) 
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Angles(degrees) with standard deviations 
S(11) -Re(1) -S(14) 84.56(14) S(21) -Re(2) -S(24) 84.09(12) 
S(11) -Re(1) -S(110) 82.86(15) S(21) -Re(2) -S(210) 84.02(12) 
S(11) -Re(1) -C(101) 177.1( 	5) S(21) -Re(2) -C(201) 93.4( 	5) 
S(11) -Re(1) -C(102) 94.0( 	6) S(21) -Re(2) -C(202) 92.8( 	5) 
S(11) -Re(1) -C(103) 92.6( 	6) S(21) -Re(2) -C(203) 177.0( 	5) 
S(14) -Re(1) -S(110) 101.38(14) S(24) -Re(2) -S(210) 102.37(12) 
S(14) -Re(1) -C(101) 92.9( 	5) S(24) -Re(2) -C(201) 85.7( 	5) 
S(14) -Re(1) -C(102) 173.1( 	6) S(24) -Re(2) -C(202) 172.9( 	5) 
S(14) -Re(1) -C(103) 86.2( 	6) S(24) -Re(2) -C(203) 94.2( 	5) 
S(110)-Re(1) -C(101) 96.2(5) S(210)-Re(2) -C(201) 171.2(5) 
S(110)-Re(1) -C(102) 85.1(6) S(210)-Re(2) -C(202) 83.5(5) 
S(110)-Re(1) -C(103) 170.7(6) S(210)-Re(2) -C(203) 94.0(5) 
C(101)-Re(1) -C(102) 88.7( 	8) C(201)-Re(2) -C(202) 88.2( 	6) 
C(101)-Re(1) -C(103) 88.6(8) C(201)-Re(2) -C(203) 88.9(7) 
C(102)-Re(1) -C(103) 87.2(9) C(202)-Re(2) -C(203) 89.2(7) 
Re(1) -S(11) -C(12) 105.4( 	8) Re(2) -S(21) -C(22) 104.6( 	5) 
Re(1) -S(11) -C(112) 107.1( 	7) Re(2) -S(21) -C(212) 103.9( 	6) 
C(12) -S(11) -C(112) 99.7(11) C(22) -S(21) -C(212) 100.4( 	7) 
S(11) -C(12) -C(13) 121.5(21) S(21) -C(22) -C(23) 109.9(10) 
C(12) -C(13) -S(14) 126.2(22) C(22) -C(23) -S(24) 112.4(10) 
Re(1) -S(14) -C(13) 100.1( 	9) Re(2) -S(24) -C(23) 100.1( 	5) 
Re(1) -S(14) -C(15) 121.4( 	6) Re(2) -S(24) -C(25) 120.1( 	5) 
C(13) -S(14) -C(15) 98.7(11) C(23) -S(24) -C(25) 98.9( 	7) 
S(14) -C(15) -C(16) 111.1(16) S(24) -C(25) -C(26) 111.6(10) 
C(15) -C(16) -S(17) 121.3(21) C(25) -C(26) -S(27) 115.4(11) 
C(16) -S(17) -C(18) 104.8(14) C(26) -S(27) -C(29) 102.9( 	8) 
S(17) -C(18) -C(19) 120.5(19) C(29) -C(28) -S(210) 115.5(13) 
C(18) -C(19) -S(110) 109.3(17) S(27) -C(29) -C(28) 119.2(13) 
Re(1) -S(110)-C(19) 121.2(8) Re(2) -S(210)-C(28) 121.6(6) 
Re(1) -S(110)-C(111) 96.5(9) Re(2) -S(210)-C(211) 100.7(7) 
C(19) -S(110)-C(111) 99.6(12) C(28) -S(210)-C(211) 102.0(9) 
S.(110)-C(111)-C(112) 116.5(19) S(210)-C( 211)-C(212) 116.0(14) 
S(11) -C(112)-C(111) 107.7(16) S(21) -C(212)-C(211) 116.3(13) 
Re(1) -C(101)-0(101) 175.1(14) Re(2) -C(201)-0(201) 176.8(14) 
Re(1) -C(102)-0(102) 178.7(18) Re(2) -C(202)-0(202) 178.5(14) 
Re(1) -C(103)-0(103) 177.7(18) Re(2) -C(203)-0(203) 176.5(14) 
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Figure 3.3 	View of (Re(CO)3([12]artes4)]+ 
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The S-Re-S bond angle observed when the co-ordinated S 
atoms are separated in the macrocyclic ligand by a - 
C2SC2 - linkage is 101.38(14) 0 . This larger bond angle is 
presumably due to the extra flexibility of the 
macrocyclic ligand which arises as a consequence of 
having an unco-ordinated S-atom. In the case of 
[Re(CQ)3([9]aneS3)] all S-Re-S angles are approximately 
850 reflecting the extra conformational strain of the co-
ordinated [9]aneS3 ligand and consequently the smaller 
bite angle. 
[Re(CO)sBr([ 14]aneS4 ) ii 
Treatment of [Re(C0)5Br] with one molar equivalent 
of [14]aneS4 in ref luxing THF affords a white crystalline 
solid in quantitative yield after 12h. The solubility of 
this product was extremely limited in all solvents tried. 
The infrared spectrum (KBr disc) of this complex shows 
bands associated with co-ordinated [14]aneS4 ligand; 
v (C-H) 2840, 2910 and 2960cm' , v (c-S) 1410, 1430 and 
1445cm' . Strong carbonyl bands are also present; 
V (C-O) 2020, 1890, 1925cm' 
Fast atom bombardment mass spectroscopy of this complex 
shows the highest significant ion peak, M = 539, with 
correct isotopic distribution for [Re(C0)3([14]aneS4)], 
a peak Is not observed for [Re(C0)3Br([14]aneS4)]', 
M = 620. Successive loss of carbonyl ligands is observed 
[Re(C0)2([14]aneS4)], M = 511, [Re (C0)([14aneS4)], 
= 483, [Re([14]aneS4)1• , M = 455. 
Elemental Analysis for [Re(C0)3Br([14]aneS 4 )]: 
Expected; %C 25.2, %H 3.23, N 0.0. 
Obtained: %C 25.1, H 3.16, %N 0.0. 
On the basis of this data the complex was assigned 
as containing a Re(CO)3 moiety co-ordinated to [14]aneS4. 
The crystals obtained were of good quality and a 
single crystal x-ray diffraction study was undertaken to 
determine the exact conformation and connectivitjeg. Full 
crystallographic details are given in the experimental 
section. A summary of selected bond lengths and angles 
is given in Table 3.3. A view of [Re(C0)3Br([14]aneS4)j 
is given in Figure 3.3. 
[Re(C0)3Br([14]ane54)] crystallises in the monoclinic 
space group P21/c with all atoms lying on general 
positions and an octahedral geometry is adopted around 
the Re(I) centre. Two of the four S-donor atoms are co-
ordinated these two being separated by an ethylene 
linkage. The Re-S bond lengths are 2.4957(24)A and 
2.4974(24)A. The S-Re-S bond angle Is 83.47(8)0. As 
expected three carbonyl ligands are bound to the Re 
centre, the Re-C bond lengths are 1.891(11)A, 
1.916(11)A, and 1.919(11)A. The octahedral co-ordination 
is completed by a bromide ligand, Re-Br 2.6213(12)A, 
which Is trans- to a carbonyl ligand The Re-C bond 
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Table 3.3 	Bond lengths and Angles for (Re(CO)3Br([14]aneS4)J 
Bond Lengths(A) with standard deviations 
Re(1) -Br(1) 2.6213(12) C(6) -C(7) 1.535(16) 
Re(1) -S(1) 2.4952(24) C(7) - 	 S(8) 1.781(11) 
Re(1) - 	 S(4) 2.4974(24) S(8) - C(9) 1.785(13) 
Re(1) -C(101) 1.891(11)  -C(10) 1.507(17) 
Re(1) -C(111) 1.916(11)  -S(11) 1.797(12) 
Re(1) -C(121) 1.919(11) S(11) -C(12) 1.805(12) 
S(1) -C(2) 1.824(10) C(12) -C(13) 1.518(15) 
S(1) -C(14) 1.804(10) C(13) -C(14) 1.505(14) 
C(2) -C(3) 1.508(13) C(101)-0(101) 1.151(14) 
C(3) -S(4) 1.807(9) C(111)-O(111) 1.146(14) 
S(4) -C(5) 1.812(11) C(121)-0(121) 1.146(14) 
C(S) -C(6) 1.526(16) 
Angles(degrees) with standard deviations 
Br(1) -Re(1) - S(1) 83.76( 	6) S(1) - C(2) - C(3) 112.3( 6) Br(1) -Re(1) - S(4) 83.82( 6) C(2) - C(3) - 	 S(4) 112.2( 6) Br(1) -Re(1) -C(101) 177.6( 3) Re(1) - 	 S(4) - C(3) 104.5(  Br(1) -Re(1) -C(111) 92.8( 3) Re(1) - 	 S(4) - C(S) 110.5(  Br(1) -Re(1) -C(121) 92.0( 3) C(3) - 	 S(4) - 	 C(5) 100.7( 5) S(1) -Re(1) - 	 S(4) 83.47( 8) S(4) - C(5) - C(6) 115.9(  S(1) -Re(1) -C(101) 94.4( 3) C(S) - C(6) - 	 C(7) 114.9(  S(1) -Re(1) -C(111) 93.3( 3) C(6) - C(7) - 	 S(8) 111.9( 8) S(1) -Re(1) -C(121) 174.5( 3) C(7) - 	 S(8) - 	 C(9) 102.0( 6) S(4) -Re(1) -C(101) 94.4( 3) S(8) - C(9) -C(10) 117.1( 9) S(4) -Re(1) -C(111) 175.6( 3)  -C(10) -S(11) 110.7( 8) S(4) -Re(1) -C(121) 92.6( 3)  -S(11) -C(12) 102.9(  
C(101)-Re(1) -C(111) 88.9( 5) S(11) -C(12) -C(13) 115.8( 8) C(101)-Re(1) -C(121) 89.7( 5) C(12)   111.3( 9) 
C(111)-Re(1) -C(121) 90.4(5) S(1) -C(14) -C(13) 116.9(7) 
Re(1) - S(1) - C(2) 101.6( 3) Re(1) -C(1O1)-0(101) 179.4(10) Re(1) - S(1) -C(14) 106.3(  Re(1) -C(111)-O(111) 177.5(10) C(2) - S(1) -C(14) 102.0(  Re(1) -C(121)-0(121) 178.4(10) 
Figure 3.4- 	View of (Re(CO)3Br([14]aneS 4 )] 
IRKOM 
length observed for this carbonyl is not shortened by a 
significant amount with respect to the relevant esd's. 
[Re(CO)3Br([15]aneS5) J 
Reaction of [Re(CO)sBr] with [151aneS5 in refluxing 
THF affords a white crystalline solid, which is only very 
sparingly soluble. 
The infrared spectrum (KBr disc) shows bands associated 
with the co-ordinated [15]aneS5 ligand: V (C-H) 2950, 
2905cm -1 ; v (C-s ) 1410-1430cm 1 . Strong carbonyl 
resonances are also observed: v (c-o) 2030, 1950, 1925, 
1880-1900cm- 1 
Fast atom bombardment mass spectroscopy showed the 
highest Ion peak at M = 571, with the correct isotopic 
distribution for [Re(C0)3([15]aneS5)]•, successive loss 
of carbonyl ligands Is observed giving the species 
[Re(C0)2([15]aneS5)]•, [Re(C0)([15]aneS5)1, and 
[Re([15]aneS5)], which give peaks at M = 543, 515, and 
487 respectively. 
Elemental Analysis for [Re(C0)3Br([15]aneS5)]: 
Expected; %C 24.0, %H 3.08, %N 0.0 
Obtained; %C 24.2, %H 3.04, ZN 0.0 
Crystals obtained from the reaction mixture were of good 
quality and an x-ray diffraction study was undertaken to 
determine the conformation and connectivities. Full 
crystallographic details are given In the experimental 
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Table 3.4 
Bond lengths and Angles for (Re(CO)3Br([1 5 ]aneS5)] 
Bond Lengths(A) with standard deviations 
Re(1) -Br(l) 2.6095(14) S(113)-C(114) 1.820(18) 
Re(1) -S(11) 2.497( 	3) S(113)-C(14X) 1.82( 	3) 
Re(1) -S(14) 2.488(4) C(114)-C(115) 1.520(20) 
Re(1)  1.894(14) C(011)-0(11) 1.144(19) 
Re(1)  1.896(13) C(012)-0(12) 1.146(16) 
Re(1)  1.917(13) C(013)-0(13) 1.162(17) 
S(11) -C(12) 1.781(17) Re(2) 	-Br(2) 2.6018(18) 
S(11) -C(115) 1.820(11) Re(2) 	-S(21) 2.477( 	3) 
C(12) -C(13) 1.38( 	3) Re(2) 	-S(24) 2.493( 	4) 
C(13) -5(14) 1.778(22) Re(2) 	-C(021) 1.899(15) 
S(14) -C(SX) 1.82(3) Re(2) 	-C(022) 1.923(15) 
C(15) -S(21) 1.943(16) Re(2) 	-C(023) 1.893(14) 
C(15) -C(214) 1.441(22) S(21) 	-C(22) 1.815(15) 
C(5X) -C(6X) 1.52( 	4) -C(23) 1.518(21) 
C.(16) -5(17) 1.820(18) -5(24) 1.810(16) 
C(6X) -S(17) 1.82(3) S(24) 	-C(25) 1.885(17) 
S(17) -C(18) 1.820(13) -C(26) 1.403(24) 
S(17) -C(8X) 1.82(4) -S(27) 1.872(17) 
C(18) -C(19) 1.520(17) S(27) 	-C(28) 1.813(17) 
C(8X) -C(9X) L.52( 	6) C(28) 	-C(29) 1.323(23) 
C(19) -S(110) 1.820(13) C(29) 	-S(210) 1.908(16) 
C(9X) -5(110) 1.82(4) S(210)-C(211) 1.874(16) 
S(110)-C(111) 1.820(17) C(211)-C(212) 1.451(21) 
S(110)-C(IIX) 1.820(24) C(212)-S(213) 1.828(15) 
C(111)-C(112) 1.520(23) S(213)-C(214) 1.869(16) 
C(11X)-C(12X) 1.52(3) C(021)-0(21) 1.155(19) 
C(112)-S(113) 1.820(17) C(022)-0(22) 1.148(20) 
C(12X)-S(113) 1.820(23) C(023)-0(23) 1.094(17) 
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Angles(degrees) with standard deviations 
Br(1) -Re(1) -S(11) 85.65(8) Re(1) -C(011)-O(11) 176.7(13) 
Br(1) -Re(1) -S(14) 85.10(9) Re(1) -C(012)-0(12) 178.7(11) 
Br(1) -Re(1) -C(011) 179.3(4) Re(1) -C(013)-0(13) 177.9(12) 
Br(1) -Re(1) -C(012) 89.1( 	4) Br(2) -Re(2) -S(21) 83.23( 	9) 
Br(1) -Re(1) -C(013) 89.1(4) Br(2) -Re(2) -S(24) 83.64(10) 
S(11) -Re(1) -S(14) 83.23(11) Br(2) -Re(2) -C(021) 89.3( 	4) 
S(11) -Re(1) -C(011) 93.9( 	4) Br(2) -Re(2) -C(022) 91.4( 	5) 
S(111 ) -Re(1) -C(012) 94.0( 	4) Br(2) -Re(2) -C(023) 179.4( 	4) 
S(11) -Re(1) -C(013) 173.9(4) S(21) -Re(2) -S(24) 82.75(12) 
S(14) -Re(1) -C(011) 95.4(4) S(21) -Re(2) -C(021) 92.9(4) 
S(14) -Re(1) -C(012) 173.7( 	4) S(21) -Re(2) -C(022) 173.9( 	5) 
S(14) -Re(1) -C(013) 93.2( 	4) S(21) -Re(2) -C(023) 97.0( 	4) 
C(011)-Re(1) -C(012) 90.4( 	6) S(24) -Re(2) -C(021) 172.1( 	5) 
C(011)-Re(1) -C(013) 91.3( 	6) S(24) -Re(2)  93.8( 	5) 
C(012)-Re(1) -C(013) 89.1( 	6) S(24) -Re(2)  95.9( 	4) 
Re(1) -S(11) -C(12) 104.4( 	5) C(021)-Re(2)  89.9( 	6) 
Re(1) -S(11) -C(115) 103.6( 	4) C(021)-Re(2)  91.2( 	6) 
C(12) -S(11) -C(115) 104.1( 	6) C(022)-Re(2) -C(023) 88.4( 	6) 
S(11) -C(12) -C(13) 117.0(14) C(15) -S(21) -Re(2) 108.1( 	5) 
C(12) -C(13) -S(14) 127.1(16) C(15) -S(21) -C(22) 94.0( 	7) 
Re(1) -S(14) -C(13) 102.3( 	7) Re(2) -S(21) -C(22) 107.6( 	5) 
Re(1) -S(14) -C(5X) 124.8( 	9) S(21) -C(22) -C(23) 111.4(10) 
S(21) -C(15) -C(214) 105.3(11) C(22) -C(23) -S(24) 115.1(11) 
S(14) -C(5X) -C(6X) 105.9(19) Re(2) -S(24) -C(23) 101.2( 	5) 
C(16) -S(17) -C(18) 107.5( 	7) Re(2) -S(24) -C(25) 111.9( 	5) 
C(6X) -S(17) -C(8X) 106.4(17) C(23) -S(24) -C(25) 97.5( 	7) 
S(17) -C(18) -C(19) 110.3( 	8) S(24) -C(25) -C(26) 110.3(12) 
S(17) -C(8X) -C(9X) 105.4(28) C(25) -C(26) -S(27) 108.9(12) 
C(18) -C(19) -S(110) 110.5( 	8) C(26) -S(27) -C(28) 109.1( 	7) 
C(8X) -C(9X) -S(110) 117.4(28) S(27) -C(28) -C(29) 109.2(12) 
C(19) -S(110)-C(111) 100.9(7) C(28) -C(29) -S(210) 115.1(12) 
C(9X) -S(110)-C(11x) 107.2(14) C(29) -S(210)-C(211) 101.1( 	7) 
S(110)-C(111)-C(1j.2) 109.7(11) S(210)-C(211)-C(212 ° ) 111.3(11) 
S(110)-C(11X)-C(12x) 108.8(16) C(211)-C(212)-S(213) 111.0(10) 
C(111)-C(112)-S(113) 111.5(11) C(212)-S(213)-C(214) 105.0(7) 
C(1IX)-C(12x)-S(113) 112.7(16) C(15) -C(214)-S(213) 106.6(11) 
C(112)-S(113)-C(].14) 93.4( 	8) Re(2) -C(021)-0(21) 177.1(13) 
C(12X)-S(113)-C(14x) 112.8(12) Re(2) -C(022)-0(22) 178.8(14) 
S(113)-C(114)-C(115) 110.7(11) Re(2) -C(023)-0(23) 175.7(12) 
S(11) -C(115)-C(114) 115.0( 	9) 
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Figure 3.5 	View of (Re(CO)3Br([15]afles5)] 
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section. A summary of selected bond lengths and angles is 
given in Table 3.4. A view of [Re(C0)3Br([15]aneS5)] is 
given in Figure 3.5. 
[Re (C0)3Br([15]aneS5)] crystalilses in the monoclinic 
space group P21/c with all atoms lying on general 
positions. There are two molecules per asymmetric unit 
with one molecule differing from the other by a slight 
change in ring conformation. The co-ordination around the 
Re is essentially the same with an octahedral geometry 
being adopted. Two of the five S-donor atoms are co-
ordinated. The Re-S.bond lengths are 2.497(3)A and 
2.488(4)A. The S-Re-S bond angle is 83.23(11) 0 . As 
expected three carbonyl ligands are bound to the Re 
centre the Re-C bond lengths are 1.894(14)A, 1.917(13)A, 
and 1.896(13)A. The octahedral co-ordination is completed 
by a bromide ligand, Re-Br 2.6095(14)A. 
[Re(CO)3Br([18]aneS6)] 
Reaction of [Re(C0)5Br] with [18]aneS6 in ref luxing 
THF afforded a white solid with similar solubility 
properties to those exhibited by [Re(CO)3Br([14]aneS4)], 
and [Re(C0)3Br([15]aneSs)]. 
The infrared spectrum (KBr disc) of this material shows 
bands attributable to the co-ordinated [18]aneS6 ligand: 
v (C-H) 2980-3000cm -1 ; v (c-s) 1410-1430cm - ' . Strong 
carbonyl .resonances are observed: v (c-o) 2035, 
1880-1960cm- 1 
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Fast atom bombardment mass spectroscopy shows a highest 
ion peak, M = 631, with the correct isotopic 
distribution for [Re(CO)3([18]aneS6)] 
No further characterisation was carried out for this 
complex but the solubility properties suggest an 
analogous species to [Re(CO)3Br([14]aneS4)] and 
[Re(CO)3Br([15]aneS5)], i.e. the ligand Is bidentate and 
a bromide is co-ordinated to the metal centre. 
Substitution of Bromo-1 igand in [Re(CO)3Br([14]ane54)] 
Attempts to substitute the Br by one of the unco-
ordinated S-donor atoms or possibly by a co-ordinating 
solvent such as CH3CN proved unsuccessful. 
{Re(CO)3Br([14]aneS4)] was ref luxed in DMF with a slight 
excess of T1PF6 in an attempt to precipitate T1Br and 
produce either {Re(CO)3(DMF)([14]aneS4)]pF6 or 
[Re(CO)3([14]aneS4)]PF6. After ref luxing for 24h only 
starting materials could be Isolated from the reaction 
mixture. 
Oxidative Addition of Br2 or CH3I to 
[Re(CO)3([9]aneS3 )] 
Heating [Re(CO)3([9]aneS3)]Br in a 1:1 mixture of 
Br2 :DMF for several hours yielded the unreacted 
{Re(CO)3([9]aneS3)] starting material. 
Refluxing [Re(CO)3([9]aneS3)]Br in CH3I gave an 
immediate colour change from pale yellow to a deep red 
colour. The excess CH3I was removed by rotary 
evaporation. The residual red oil was recrystallised from 
CH2C12/hexane giving red columnar crystals. It was hoped 
that seven co-ordinate [Re(CO)2(CH3)(I)([9]aneS3)] had 
been produced. A subsequent x-ray crystal structure 
determination showed the product to be 
[Re(CO)3([9]arieS3)]I3 (see earlier). 
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3.3 Conclusions. 
A range of thioether rhenium(I) complexes: 
[Re(CO)3([9]aneS3)], [Re(CO)3([12]aneS4)], 
[Re(CO)3Br([14]aneS4)], [Re(CO)3Br([15]aneS5)] and 
Re(CO)3Br([18]aneS6)] have been synthesised by the 
reaction of [Pe(CO)5Br] with the appropriate ligand in 
THF for 12h. For [Re(CO)3([9]aneS3)] and 
[Re(CO)3([12]aneS4)], the macrocyclic ligand is bound 
through 3 S-donor atoms In a tridentate fashion. For 
[Re(CO)3Br([14]aneS4)], [Re(CO)3Br([15]aneS5) and 
[Re(CO)3Br([18]aneS6)] the macrocyclic ligand is 
bidentate. It seems likely that tridentate co-ordination 
of the macrocycle for these latter complexes does not 
occur due to steric constraints. It is possible to 
envisage that as a third S-donor atom approaches a 
prospective co-ordination site, unfavourable interactions 
between the macrocyclic ligand and the carbonyl ligands 
occur hence preventing co-ordination; Analogies exist 
with the complex [Re(CO)3(triars)Cl]. 112 Triars is 
potentially a tridentate ligand but binds in a bidentate 
fashion. [Re(CO)3(triars)] may be synthesised from 
{Re(CO)&] In place of [Re(CO)5C1], which suggests a 
synthetic route to [Re(CO)3(L)] (where L= [14]aneS4, 
[15]aneS5, [18]aneS6). This work was hampered by the 
insolubility of these complexes which excluded several 
areas of study: For example a variable temperature 
n.m.r. study would have been of interest because of the 
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possibility of freezing out the fluxionality observed 
with [Re(CO)3([12]aneS4)] 
Attempts to oxidatively add Br2 or CH3I to 
[Re(CO)3([9]aneS3)] proved unsuccessful and is testimony 
to the inert character of this material. 
Future work on these ligands could include co-ordination 
of a further Re(CO)3 or Re(CO)3Br moieties to the unco-
ordinated S-donor atoms or alternatively co-ordination 
with other metal fragments might be achieved. 
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3.4 Experimental. 
'H n.m.r. spectra were obtained on a BrUker WP200 
spectrometer operating at 200.13MHz. 'C n.m.r. spectra 
were recorded on a BrUker WP200 spectrometer operating 
at 50,323MHz. Other physical measurements were carried 
out as in chapter 2. 
Preparation of [Re(CO)5Br] 95 
[Re2(CO),01 (ig, 1.52mmol) was added to a schienk 
tube containing freshly distilled hexane (40cm 3 ) under a 
stream of N2. Br2 (O.27g, 1.69mmol) was then added to the 
stirring solution of [Re2(CO),0] using a syringe. The 
solution was then left to stir for 30 minutes. After this 
time the precipitate of [Re(CO)sBr] was removed from the 
reaction mixture by filtration. [Re(CO)5Br] is purified 
by recrystallisatiort from CH2Cl2. 
Preparation of [Re(CO)3([9]aneSs)]Br 
A solution of [Re(CO)5Br] (110mg, 0.27mmol) was 
added to a solution of [9]aneS3 (50mg, 0.28mmol) in 
freshly 	distilled THF 	(total volume 50cm 3 ). The 
resulting solution was refluxed under N2 for 12h. A 
white precipitate of [Re(C0)3([9]aneS3)]Br was filtered 
off. Addition of diethyl ether to the filtrate 
precipitated more [Re(CO)3([9]aneS3)]Br which was also 
removed by filtration. Recrystallisatlon was carried out 
from CH3CN and crystals were obtained from CHaCN/ether by 
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a vapour diffusion method. 
Preparation of [Re(CO)3([9]aneS3)](PF6). 
[Re(C0)3([9]aneS3)JBr (40mg, 0.048mmol) was 
dissolved in hot CH3CN and a slight excess of T1PF6 
(18mg, 0.051mmol) was added. The reaction mixture was 
then ref luxed for 3h whereupon the precipitate of T1Br 
was removed by filtration. Addition of diethyl ether 
precipitates [Re(CO)3([9]aneS3)]PF6 from solution. 
Subsecjuent recrystallisation was carried out from CH3CN. 
Preparation of [Re(CO)3([9]aneS3)]13 
[Re(CO)3([9]aneS3)IlBr (40mg, 0.048mmol) was ref luxed 
in a 1:1 mixture of CH3I:DMF. After 24h a colour change 
from pale yellow to red occurs. Addition of diethyl ether 
precipitated [Re(C0)3([9]aneS3)]13 which was 
recrystallised from CH2C12 and hexane. 
I.r. V (c - H) 2900-3000cm - ', V (c - s) 	1410, 1440 cm - ' 
V (C-O) 2020, 1980, 1940cm - ' 
'H nmr spectrum (d6dmso)ft 3.13 ppm 
'C nmr spectrum (d6dmso) 6c34.95, 188.83 ppm 
Fab. Mass Spectrum M = 451, 423, 395, 367. 
Elemental Analysis: Caic. %C 18.2, %H 2.02, %N 0.0. 
Obtained; %C 18.5, %H 2.02, %N 0.00. 
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Preparation of [Re(CO)3([12]anes4)]Br. 
A solution of [Re(C0)5Br] (110mg, 0.27mmol) was 
added to a solution of {12JaneS4 (65mg, 0.28mmol) in 
freshly distilled THF ( total volume 50cm 3 ). The 
resulting solution was ref luxed under N2 for 12h. 
Addition of diethyl ether to the solution precipitated 
[Re(C0)3([12]aneS4)]Br which was recrystallised from 
CH3CN. Crystals were grown by a solvent diffusion method 
from CH3CN/ether. 
I.r. (KBr Disc) v 	c-ii 	2840-3000cm -1 , v (C-S) 1390, 
1405 and 1440cm -1 , v (C-o) 2040, 1920, 1940 and 
1960cm 
(CH3NO2 soln) v (C-O) 2015, 1880, 1905, 1950, 
1965 and 1980cm -1 . 
F.a.b. Spectrum M = 511, 483, 455, 427. 
Elemental Analysis: Caic. C 22.4, 70H 2.46, %N 0.0. 
Obtained C 22.4, %H 2.71, %N 0.0. 
'H n.m.r. spectrum (CD3NO2) cfH = second order pattern 
between 2.72 and 3.35 ppm. 'C n.m.r. spectrum (CD3NO2) 
= 195.6 and 33-39 ppm 
Preparation of [Re(C0)3Br([141aneS4 
) I 
A solution of [Re(C0)5Br] (110mg, 0.27mmol) was 
added to a solution of [14]aneS4 (75mg, 0.28mmol) In 
distilled THF ( total volume 50cm 3 ). The resulting 
solution was ref luxed under N2 for 12h. A white 
precipitate of [Re(CO)3Br([14]aneS4)) was removed by 
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filtration. Cooling of the filtrate afforded single 
crystals of [Re(CO)3Br([14]aneS4)]. 
I.r. v (C-H) 2840, 2910 and 2960cm - ', v (c-s) 1410, 1430 
and 1445cm -1 , v (C-o) 2020, 1890, 1925cm - I 
F.a.b Mass Spectrum M = 539, 511, 483, 455. 
Elemental Analysis: CaIc: C 25.2, 70H 3.23, %N 0.0. 
Obtained: %C 25.1 	H 3.16, %N 0.0. 
Preparation of {Re(C0)3Br([15]aneS5)] 
A solution of [Re(CO)sBr] (110mg, 0.27mmol) was 
added to a solution of [15]aneS5 (85mg, 0.28mmol) in 
distilled THF (total volume 50cm 3 ). The resulting 
solution was ref luxed under N2 for 12h. A white 
precipitate of [Re(CO)3Br([15]aneS5)] was removed by 
filtration. Cooling of the filtrate afforded single 
crystals of [Re(C0)3Br([15]aneS5)]. 
I.r. v (c-u) 	2950, 2905cm -1 , V (C-S) 1410 - 1430cm' 
(C-0) 2030, 1950, 1925, 1880-1900cm' 
F.a.b. Mass Spectrum: M = 571, 543, 515, and 487 
Elemental Analysis:. Caic.: %C 24.0, %H 3.08, N 0.0 
Obtained; C 24.2, %H 3,04, ZN 0.0 
Preparation of [Re(C0)sBr([18]aneS6)] 
A solution of ERe(CO)5Br] (110mg, 0.27mmol) was 
added to a solution of [18]aneS6 (100m9, 0.28mmol) in 
distilled THF ( total volume 50cnr 1 ). The resulting 
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solution was ref luxed under N2 for 12h. A white 
precipitate of [Re(C0)3Br([18]aneS6)] was removed by 
filtration. 
I.r. V (C - H) 2980 - 3000cnr'; v (C - S) 1410 -1430cm - ' 
V (C-O) 2035, 1880-1960cm - ' 
F.a.b. Mass Spectrum: M = 631 
3.4.1 Crystal Structure Determination of fac-
[Re(CO)s ([9]aneS3 ) 113 
Dark red columnar crystals of fac- [Re(C0)3([9]aneS3)]13 
were grown from CH2C12/hexane and a crystal of dimensions 
0.58 x 0.19 x 0.08mm was seleóted for data collection on 
a Stoë STADI-4 four circle dlffractometer. 
Crystal Data: C9H,2S303ReI3 - , M = 831.26, triclinic, 
space group PT. a = 9.0503(8), b = 9.6880(8), 	c = 
11.6273(10)A, O'-= 88.656(5), B = 79.416(5), Y= 
67.185(5) 0 U = 926.0A (from 2e values of 22 reflections 
measured at +0(30 < 2< 32 0 ), D c = 2.98lgcm-3 , Z = 
2, F(000) = 787.81, ..(Mo-K<.) = 0.71069A, ,M= 
119.27cm' 
Data Collection and Processing: STADI-4 diffractometer, 
)-2G scans, 2407 unique data (2max = 450, +h, +k, +1) 
measured using Mo-Kx. X-radiation, Initially corrected 
for absorption by means of (scan (max. and mm. 
transmission factors 0.1779, 0.0589 respectively), giving 
2340 reflections with F > 6.0oF). 
Structure Analysis and Refinement. 
The Re position was determined from a Patterson map, 
and inputting this to DIRDIF followed by successive 
least- squares refinement and difference Fourier 
synthesis85 all non-H atoms were located. At isotropic 
convergence, the final absorption correction was applied 
using DIFABS 90 . Anisotropic thermal parameters were 
refined for all atoms except carbon and hydrogen. The H-
atoms were refined in fixed calculated positions 86 . A 
weighting scheme -' = *2(F) + 0.001442F 2 gave 
satisfactory analyses. At final convergence R, R = 
0.0326 and 0.0402 respectively. S = 1.149 for 272 
parameters with the difference map showing no feature 
above 1.5eA -3 . Illustrations were prepared using ORTEP 88 , 
molecular geometry calculations utilised CALC 86 and 
scattering factor data were taken from reference 8 . 
3.. 4.2 Crystal Structure Determination of fac-
[Re(CO)3([12]aneS4)]Br 
Pale brown tabular crystals of fac-
[Re(C0)3([12]aneS4)]Br were grown from CH3CN/ether and a 
crystal of dimensions 0.25 x 0.40 x 0.60mm was selected 
for data collection on a Stoë STADI-4 four circle 
di ffractometer. 
Crystal Data: CiiHi6S403ReBr - , M = 590.47, triclinic, 
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space group E1. a = 9.246(4), b = 12.689(5), 
c = 15.980(7)A, cK= 112.43(3), 13 = 92.38(3), 
= 91.960(24) 0 U = 1729.0A (from 2e values of 19 
reflections measured at +0(29<20<300), 
Dc = 2.267gcm -3 , Dm = 2.2gcm -3 , Z = 4, F(000) = 1120, 
A(Mo-Kcc) = 0.71069A, 1U = 98.73cm -1 
Data Collection and Processing: STADI-4 diffractometer, 
-2e scans, 4249 unique data (2max = 450, +h, +k, +1) 
measured using Mo-Kc'c X-radiation, initially corrected 
for absorption by means ofUscan (max. and mm. 
transmission factors 0.0812, 0.0182 respectively), giving 
3483 reflections with F > 6.06-(F). 
Structure Analysis and Refinement. 
From the inferred position of one Re the program 
DIRDIF followed by successive least-squares refinement 
and difference Fourier synthesls 83 located, firstly the 
remaining Re (there being two molecules per asymmetric 
unit) and finally all non-H atoms. At isotropic 
convergence, the final absorption correction was applied 
using DIFABS 90 . Anisotropic thermal parameters were 
refined for all non-hydrogen atoms. The H-atoms were 
refined in fixed calculated positions 86 . A weighting 
scheme 	' = 7 2 (F) + 0.000778F 2 gave satisfactory 
analyses. At final convergence R, Rw = 0.0446 and 0.0.467 
respectively. S = 1.074 for 362 parameters with the 
difference map showing no feature above 1.5eA -3 . 
-115- 
Illustrations were prepared using ORTEP 88 , molecular 
geometry calculations utilised CALC and scattering factor 
data were taken from reference 87 . 
Crystal Structure Determination of fac- 
[Re(C0)3Br([14]aneS4)] 
Colourlesss tabular crystals of fac-
[Re(C0)3Br([14]aneS4)] were grown from THF solution and a 
crystal of dimensions 0.20 x 0.46 x 0.62mm was selected 
for data collection on a Stoé STADI-4 four circle 
di ffractometer. 
Crystal Data: C aH 0S4O3ReBrM = 618.63, monoci Inic, 
space group P21/c . a = 15.2325(28), b = 8.8963(17), 
c = 15.5864(35)A, 13 = 114.028(11) 0 , U = 1967.5A (from 
2values of 40 reflections measured at +00.5 <2<32°), 
Dc = 2.09gcm 3 , Dm = 2.23gcm -3 , Z = 4, F(000)= 296, 
2s(Mo-KO()= 0.71069A, 	= 63.52cm - '. 
Data Collection and Processing: STADI-4 diffractometer, 
)-29 scans, 2788 unique data (2max = 45°, +h, +k, +1) 
measured using Mo-KX-radiation, Initially corrected 
for absorption by means of çP scan (max. and mm. 
transmission factors 0.0940, 0.0156 respectively giving 
2311 reflections with F > 6.06(F). 
Structure Analysis and Refinement 
After determining the Re position from the Patterson 
map, Successive least-squares refinement and difference 
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Fourier synthesis 85 located all non-H atoms. At isotropic 
convergence, the final absorption 'correction was applied 
using DIFABS°. Anisotropic thermal parameters were 
refined for all non-hydrogen atoms. The H-atoms were 
refined in fixed calculated positions 86 . The weighting 
scheme 	= 0 2 (F) + 0.000204F 2 gave satisfactory 
analyses. At final convergence R, R w = 0.0408 and 0.0441 
respectively. S = 1.018 for 200 parameters with the 
difference map showing no feature above 0.96eA -3 . 
Illustrations were prepared using ORTEP 88 , molecular 
geometry calculations utilised CALC 86 and scattering 
factor data were taken from reference 87 . 
Crystal Structure Determination of fac-
[Re(CO)3Br([15]aneS5 )1 
Colourless tabular crystals of fac- 
[Re(C0)3Br({141aneS4)) were grown from TI-IF solution and a 
crystal was selected for data collection on a Stoë 
STADI-4 four circle diffractometer. 
Crystal Data: C13H2OS5O3ReBr - M = 650.69, monoclinic, 
space group P21/c . a = 14.7870(17), b = 13.2536(13), 
C = 22.0455(19)A, 13 = 105.158(9) 0 , U = 41645A 3 
(from 2& values of 44 reflectIons measured at 
+tX24<2&<25 0 ), D c = 2.075gcm-3 , Z = 8, F(000) = 2496, 
0.71069A, ,tA= 83.07cm - ' 
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Data Collection and Processing: STADI-4 dlffractometer, 
scans, 5702 unique data (2max = 450, +h, +k, +1) 
measured using Mo-Koc. X-radiation, initially corrected 
for absorption by means of t/"scan, max. and mm. 
transmission factors 0.1063, 0. .0132 respectively giving 
3931 reflections with F > 6.0CF). 
Structure Analysis and Refinement 
After determining the Re position from the Patterson 
map, Successive least-squares refinement and difference 
Fourier synthesis 83 located all non-H atoms. Two 
molecules were present per asymmetric unit. In one 
molecule the macrocyclic ligand was disordered which 
affected all carbon atoms except those located between 
the bound S-donor atoms [C(2)and C(3)]. The disorder was 
modelled by constraining the S-C and C-C bond lengths to 
be 1.82 and 1.50A respectively. At isotropic convergence, 
the final absorption correction was applied using 
DIFABS°. Anisotropic thermal parameters were refined for 
all non-hydrogen atoms with the exception of the 
disordered C-atoms. The H-atoms were refined in fixed 
calculated posltlons 86 . The weighting scheme-' =r 2 (F) 
+ 0.000145F 2 gave satisfactory analyses. At final 
convergence R, Rw = 0.0396 and 0.0423 respectIvely. S = 
1.152 for 500 parameters with the difference map showing 
no feature above 1.00eA -3 . Illustrations were prepared 
using ORTEP 88 , molecular geometry calculations utilised 





SYNTHESIS AND CHARACTERISATION OF [T1([9]aneS3)JpF6 
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4.1 Introduction 
A thallium complex of protoporphyrin-IX was 
synthesised by Fischer and Putzer in 1929 165  and this 
represents the first known example of a thallium 
macrocyclic complex. Subsequently a mesoporphyrin-IX and 
TPP complexes were reported in 1935 166 and 1948 167 
respectively, however none of these examples are well 
characterised. More recently n.m.r. techniques and x-ray 
diffraction studies have been used to determine the 
structures more precisely. 
The following thallium (III) complexes, (28), (X,Y = 
CF3CO2, CH3CO2, OH, I, CN, H20) have been prepared and 
studied by n.m.r spectroscopy. 168 
a 
UN yr  
Et 
(28) 
Since Tl' and Tl 	complexes are diamagnetic and both 
isotopes, 203 (29.5% abundance) and 205 (70.5%), have 
nuclear spin = 1/2, n.m.r. techniques provide useful 
experimental data In the determination of thallium 
solution chemistry. An example of the usefulness of 205 T1 
nmr Is nrrvirIirI In 	study rf th.sthfljty r-,f T1(T - ----- --- - _ --- J -- ---- ----.--- 	- ______ 
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compiexed with a series of crown ether ligands; 
18-crown-6. dibenzo-18-crown-6, dlcyclohexano-18-crown_6, 
1,10-diaza-18-crown-6 and 1,10-dithja-18-crown-6. 169 The 
stability constants, Kf, in a variety of non-aqueous 
solvents were calculated from a plot of 205 T1 chemical 
shift against [ligand]/[Ti'] mole ratio. 
The crystal structure of [Tl(III)OEPCI]170 shows the 
Tl(III) ion to be 5 co-ordinate despite the preference of 
Tl 	for 6 co-ordinate species' 7 ' . This occurs because of 
the large ionic radius of Ti. The metal ion lies 0.69A 
out of the macrocyclic plane and has an average Ti-N 
distance of 2.212(6)A. This 5 co-ordinate square 
pyramidal geometry is not unusual for Tl porphyrin 
species. The analogous complexes [Tl(TPP)Cl] and 
[Tl(TPP)MeJ both exhibit this geometry 172 . The out of 
plane distances being 0.979A and 0.737A respectively and 
average Ti-N distances of 2.29A and 2.21(1)A. The 
electrochemistry of [Tl(TPP)]• and [Ti(OEP)]• show 
reductive demetallation' 73 . Complexes containing a metal 
ion lying well out of the macrocyclic plane, such as 
those described above, might be considered to be at the 
limit of their stability. Upon reduction of Tl 	to Tl 
the ionic radius increases from 0.95A to 1.47A and, 
coupled with the smaller charge on the metal ion, 
demetal lat ion results. 
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Complexation of thallium(I) ions has been achieved with a 












These compounds have been character Ised by CHN analysis 
and infrared spectrometry. Comparison of the infrared 
spectra of [T1(L)2X], (where L = (29) to (32), and 
X = C104,SCN) with that for [K(L)21] 176 indicate that 
sandwich complexes are formed. In the case of [T1(L)3X] 
(L = 30) the third ligand is present as a free ligand of 
crystallisation. For ligands (31) and (32) 1:1 Ti 
complexes are also formed reflecting the ability of these 
vli gands  to encompass the metal ion due to the larger ring 
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size. A 1:1 thallium(I) complex is also formed with a 
cryptate. llgand, (33)177 
	
(00 	0 
0 	0 	0 
(33) 
The Tl ion has electrostatic interactions with both N-
donor atoms at Ti-N = 2.946(6)A, and with the six donor 
atoms at Tl-O(ave) = 2.960(6)A. Since the sum of the 
ionic radii of T1 (co-ordination number of six) and 
nitrogen (co-ordination number of four) Is 2.96A' 78 the 
Ti-N interactions observed in this complex show only very 
marginal covalent character. 
The large ionic radii of Tl 	and T1 often results 
In the observation of unusual geometries; e.g. 
[Tl(OEP)Ci] and the 15-crowri-5 described above. In both 
these examples the ligand may be regarded as binding 
facially to the metal centre.Facjal co-ordination in 
macrocyclic chemistry is well known particularly with 
triaza and trithia crowns 179 , both of which form 
complexes with thallium. 
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The reaction of [9]aneN3 and Me3[9]aneN3, (L), with 
T1C13 .41120 in chloroform affords [Tl([9]aneN3)Cl31 180 . 
The reaction of. [9]aneNs with Tl(NO3)3 In ref luxing 
chloroform yields a colourless solid which readily 
dissolves in water, from which {Tl([9]aneN3)21(ClO4)3 can 
be obtained by addition of NaC104. An X-ray crystal 
structure of high precision has not been obtained due to 
poor quality crystals, however the molecular structure 
was determined. Two [9]aneN3 ligands co-ordinate to the 
metal centre giving distorted octahedral geometry, with 
T1N(av e ) = 2.48(2)A. 
TIN03 reacts with Me3[9]aneN3 In aqueous solutions to 
form the 1:1 complex, [Tl(Me3[9aneN3)]PF6, the crystal 
structure of which has been determlnedl 80 . The 
{T1(Me3[9]aneN3)J moiety consists of a Tl onto which 
the ligand is bound facially. The average thallium to 
nitrogen bond length, T1N(ave) = 2.61(1)A which lies 
well within the sum of the ionic radii 2.96A mentioned 
above, indicating covalent character. A crystal packing 
diagram of {Tl(Me3{9}aneN3))PF6 shows that each 
[Tl(Me3{9]aneN3)1 moiety has interactions with three 
fluorine atoms from three PF6 - anions, ranging from 
Tl ... F = 3.23(1) to 3.54(2)A. These distances lie between 
the sum of the Ionic radii for T1 and F, 2.79A, and the 
Van de Waals radii, 3.50A, and are thus assigned as non-
bonding with weak ionic character. 
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The N-Ti-N bond angles are all approximately 68°, 
smaller than the octahedral angle presumably because of 
the metal ion size and rigidity of conformation in the 
macrocyclic ligand. Interestingly, the N-Ti ... F angles 
are also less than 900. giving rise to speculation that a 
stereochemically active lone pair of electrons of the T1 
ion is directed toward the centre of the F3 face in the 
T1NF3 distorted octahedron. 
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4.2. Results and Discussion [T1([9]aneS3)]PF6 
Treatment of T1NO3 with excess [9]aneS3 in a minimum 
amount of CH3CN, under reflux, causes the initially 
colourless solution to become pale yellow. Addition of 
NH4PF6 afforded, upon cooling, a yellow-brown solid which 
was recrystailised from CH3CN/ether, by a vapour 
diffusion method, yielding pale brown tabular crystals in 
73% yield. 
The infrared spectrum (KBr disc) of the product shows 
bands typically associated with the [9]aneS3 macrocyclic 
ligand; v (C-H) 2920-3000cm - ' , v (C-S) 1410, 
(1470sh)cm' . Also observed were bands characteristic of 
the PF6 - anion; v (P-F) 830,555cm -1 , which suggested that 
a cationic complex of [9]aneS3 had been formed. 
The 'H n.m.r. spectrum of the complex in CDSCN shows a 
sharp singlet resonance with Ti sateiltes at 3.06ppm. 
This resonance is assigned to the methylene protons in 
the macrocyclic ilgand. Metal-free [9]aneS3 shows a 
slightly sharper resonance at 3.08ppm under the same 
conditions, and this is assigned to the equivalent 
methylene protons in the free ligand. Further evidence 
that a Ti complex exists in solution Is provided by 'C 
n.m.r. The 13C n.m.r. spectrum of the complex In CD3CN 
shows a single resonance at 33.80ppm while metal free 
[9]aneS3 shows a single resonance at 31.21ppm. 
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Fast atom bombardment mass spectroscopy of this complex 
shows a molecular ion peak at M = 385 with correct 
isotopic distribution for [ 205 Tl([9aneS3)1 
Elemental analysis confirms the stoichiometry of 
Tic6 H1 2S3PF6: 
Expected; ZC = 13.6, %H = 2.27, ZN = 0,0 
Obtained; %C = 13.4, %H = 2.32, ZN = 0.0 
The single crystals obtained for [T1([9]aneS)]PF6 were 
of good quality and a single crystal x-ray structural 
analysis was undertaken to determine the co-ordination 
and stereochemistry. Details of the structure solution 
are given in the experimental section. Selected bond 
lengths and angles are given In table 4.1. Intra-
molecular contacts are given in table 42. Figures 4.1 
and 4.2 show the {Tl({9]aneS3)1 cation and packing 
diagram respectively. The structure determination fully 
confirms the co-ordination of the [9)aneS3 ligand to the 
Ti. [9]aneS3 binds facially to the Ti atom with the Ti-S 
bond lengths being; Tl-S(1) = 3.114(3), Tl-(S4) = 
3.092(3), T1-S(7) = 3.110(3)A. These bond lengths 
represent the longest measured bond lengths of any 
complex containing [9]aneS3. Closer analysis of these 
bond lengths show them to lie within the sum of the 
formal Ionic radii for T1 and S (1.84 + 1.50 = 3.31A) 182 
and therefore suggests covalency in the Ti-S bonding. The 
S-Ti-S angles are 65.57(7)0, 67.31(7)0 and 67.52(7)0, 
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Table 4.1 	Bond lengths and Angles for (T1([9]aneS3))+ 
Bond Lengths(R), Angles(degrees) and Torsion angles(degrees) 
with standard deviations 
Ti 	- S(1) 3.114( 3) C(3) 	- S(4) 1.821(11) 
Ti 	- S(4) 3.092( 3) S(4) 	- C(5) 1.781(11) 
Ti 	- S(7) 3.110( 3) C(5) 	- C(6) 1.529(15) 
S(i) 	-C(2) 1.818(12) C(6) 	- S(7) 1.814(11) 
S(i) 	-C(9) 1.832(12) S(7) 	-C(8) 1.806(12) 
C(2) 	-C(3) 1.509(16) C(8) 	- C(9) 1.492(17) 
S(1) - 	 Ti - 	 S(4) 67.57( 7) Ti - 	 S(4) - 	 C(5) 102.0( 	4) 
S(i) - 	 Ti - 	 S(7) 67.31( 7) C(3) - 	 S(4) - 	 C(5) 103.9( 	5) 
S(4) - 	 Ti - 	 S(7) 67.52( 7) S(4) - C(5) - 	 C(6) 118.0( 	8) 
Ti -. S(1) - C(2) 102.9( 4) C(S) - C(6) - 	 S(7) 113.3( 	7) 
'Ti - S(1) - C(9) 111.0( 4) Ti - 	 S(7) - 	 C(6) 110.6( 	4) 
C(2) - S(i) - C(9) 102.9( 6) Ti - 	 S(7) - 	 C(8) 103.8( 	4) 
S(1) - C(2) - C(3) 117.5( 8) C(6) - 	 S(7) - C(8) 104.2( 	5) 
C(2) - c(3) - 	 S(4) 113.6( 8) S(7) - C(8) - 	 C(9) 118.3( 	8) 
Ti - S(4) - C(3) 111.8( 4) S(i) - C(9) - 	 C(8) 114.9( 	8) 
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Table 4.2 	Intramolecular Contacts for (Tl([9]aneS3)] 
(A) Type S-T1• •C-D 
Atoms Symmetry Distance Angle Angle 
S 	Ti C 	D C,D B 	C(A) A-B... C(°) B...  C-D(°) 
S(1)T1S(7)Tl +x,-y,-z 3.431(3) 132.90(7) 123.96(9) 
S(4) 	C(6) 65.58(7) 95.4(4) 
S(7) C(8) 98.43(7) 117.0(4) 
S(1)T1F(2)P(1) 2-x,y-,-z 3.228(8) 84.05(14) 118.5(4) 
S(4) 61.92(14) 
S(7) 128.35(14) 
S(1)T1F(3)P(1) i-x,-y,z- 3.246(8) 145.80(14) 158.4(5) 
5(4) 145.89(16) 
S(7) 122.86(16) 
S(1)T1F(4)P(1) 2-x,y-,-z 3.389(8) 71.97(15) 111.0(4) 
S(4) 	. 91.94(15) 
S(7) 138.86(15) 
S(1)T1F(5)P(1) 1-x,y-,-z 3.272(9) 67.82(17) 163.5(5) 
S(4) 131.07(17) 
S(7) 77.62(17) 

































Figure 4.1 	View of (T1((9]aneS3)] 
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Figure 4.2 	Packing Diagram for [Tl([9]ane33)JpF6 
which are more acute than those angles observed with 
smaller metal ions. This arises because of the long Ti-S 
distances. In addition to the primary co-ordination of 
the Ti described above there is further secondary co-
ordination to the S-donor atom of a neighbouring 
[T1([9]aneS3)] moiety and to four fluorines of three 
PF6 counter ions. The secondary co-ordination to the 
S-donor atom, S(7 1 ), occurs at 3.431(3)A. S(7 1 ) is 
related to S(7) by a 21(1/2+x, 1/2-y, -z) screw axis 
paral1el to a. If we consider only the (3+1) S co- 
ordination, the solid state structure appears to be that 
of infinite helices of [Tl([9]aneS3) cations running 
parallel to the a direction (Figure 4.2). The secondary 
interactions to the fluorine atoms are observed to: F(2) 
and F(4) at (2-x, -1/2+y, 1/2-z); to F(3) at (3/2-x, -y, 
-1/2+z) and to F(5) at (1-x, -1/2+y, 1/2-z). The Ti ... F 
distances are 3.228(8), 3.389(8), 3.246(8), and 3.272(9)A 
respectively. The sum of the ionic radii of Tl and F - is 
2.79A and the sum of the atomic radii (Van de Waals) Is 
3.50A. The Ti ... F Interactions are therefore non-bonding 
with only weak ionic character. [Tl([9aneS3)]PF6 
crystallises In the non-centric space group P212121, but 
an anomalous difference exists in favour of the hand 
chosen which amounts to about 3% In terms of R-values. 
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4.3 Conclusions 
The complex [Ti([9]aneS3)](PF6) was synthesised and 
structurally characterised in the solid state by an X-ray 
diffraction study. The structure showed [9]aneS3 co-
ordinated to one face of the Ti having the longest bonds 
yet reported to the [9]aneS3 ligand. Although the bond 
lengths fall within the sum of the formal ionic radii for 
T1(I) and S it was interesting to see retention of co-
ordination in solution. The 1 H n.m.r. spectra of the 
complex and the free [9]aneS3 both showed singlet 
resonances with no significant differences in their 
chemical shifts. However, the 'C n.m.r. spectrum showed 
that some interaction of the Ti was occuring in solution. 
Future work on Ti systems containing [9]aneS3 might 
involve the attempted synthesis of [T1([9]aneS3)2] 3 . 
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4.4 Experimental 
Preparation of [Tl([9janeSs)]PF6 
T1NO3 (0.133g, 0.5mmol) was ref luxed with a molar 
excess of [9]aneS3 (0.1g, 0.556mmo1) in 5cm 3 of CH3CN for 
lh. After this time the initially colourless solution was 
pale yellow. Addition of NH4PF6 followed by hot 
filtration gave a solution containing {Tl([9]aneS3)]PF6 
which was precipitated by addition of diethyl ether. The 
resulting yellow/brown solid was recrystallised from 
CH3CN/ether by a vapour diffusion method, yielding 
yellow/brown crystals in 73% yield. 
i.r. (KBr disc): 	v (C-H) 2920-3000cm -1 , v (c-s) 1410 
(1470sh)cm - ' , v (P-F) 830,555cm -1 
'Hn.m.r.5H(CD3CN) 3.06ppm 
'C n.m.r. 6(cDCN) 33.80ppm. 
F.a.b. mass spectrum. M = 383 
Elemental analysis for T1C6H12S3PF6: 
Expected; %C = 13.6, %H = 2.27, %N = 0,0 
Obtained; %C = 13.4, %H = 2.32, %N = 0.0. 
Crystal Structure Determination of [T1([9]aneS3)]PF6 
Yellow/brown tabular crystals of {Tl([9]aneS3)JPF6 
were grown from a solution of [Tl([9]aneS3)]PF6 in 
CH3CN/ether by a vapour diffusion method. A crystal of 
dimensions 0.54 x 0.39 x 0.19mm was selected fordata 
collection on a Stoe STADI-4 four circle diffractometer. 
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Crystal Data: C€H12S3T1'PF6- M = 529.6, orthorhomblc, 
space group P212121, a = 7.7655(11), b = 8.3767(18), 
c = 20.838(4)A, V = 1355.5A (from 2g-values of 56 
reflections measured at +c(20 = 24-26 0 , )\ = 0.71073A), 
Z = 4, Dc = 2. 595gcm- 1,  T = 293K, 1t4 = 12 . 64mm - ' 
F(000) = 984. 
Data Collection and Processing: Stoe STADI-4 four-circle 
dlffractometer, graphite tnonochromated Mo-Kc( 
X-radiat ion, T=293K,6)-20 scans with ti scan width 
(1.05+0.347tan)°, 2245 data measured 
(2max 45 0 , h -8to8 k Oto9. 1 0to22), 1752 unique 
(Rt=0.025), semi-empirical absorption correction 
(mm. and max. transmission factors 0.0286 and 0.0621 
respectively), giving 1691 reflections with F>=60(F) for 
use in all calculations. No significant crystal decay or 
movement was observed. 
Structure Solution and Refinement: A Patterson synthesis 
located the Ti atom and iterative cycles of ieat squares 
refinement 85 and difference fourier synthesis located all 
non-H atoms: these were then refined anisotropically, 
while H atoms were included in fixed, calculated 
positlons 86 . At final convergence R, Rw = 0.0294, 0.0379 
respectively, S = 1.045 for 155 refined parameters and 
the final ZF synthesis showed no peak above 1.39eA 3 . 
The weighting scheme t.-' = 0 2 (F) + 0.000169F 2 gave 
satisfactory agreement analyses, ((F/)max In the final 
cycle was 0.02, and a secondary extinction parameter 
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refined to 1.50(13)xlO -7 . (The alternative hand was 
rejected since its refinement converged to R = 0.0633 
with errors on refined parameters twice those of the 
correct enantiomorph.) Atomic scattering factors.were 
inlaid or taken from reference 87 	Molecular geometry 
calculations utilised CALC 86 and the figures were 
produced by ORTEP 11 88 . 
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CHAPTER 5 
TETRA-AZA COMPLEXES OF PALLADIUM 
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5.1 INTRODUCTION 
5.1.1 Redox Properties of Macrocyclic Complexes 
The work contained in this chapter covers the 
synthesis of four Pd(II) tetra-aza macrocyclic complexes, 
these being [Pd(L)](PF6)2, where L = [15JaneN4, 
Me4{153aneN4, [161aneN4, and Me4[16]aneN4. The effect of 
increasing ring size on the redox properties of these 
complexes was studied. The ilgands discussed in this 
chapter can be found In Figure 5.1. 
Several studies have been undertaken to examine the redox 
properties of complexes containing macrocyclic ligands 
because of the extra stability of these complexes 
introduced by the macrocyclic effect, described In 
Chapter 1. The kinetic inertness to dissociation that has 
been observed24 mean that redox changes are less likely 
to be influenced by competing equilibria involving ligand 
dissociation than for complexes containing non-
macrocyclic complexes 2 3. Also, since the metal ion Is 
contained within a comparatively fixed enviroment, 
geometric constraints affect the thermodynamics and 
electron transfer kinetics of the redox process. As a 
result macrocyclic ligands may stabilise unusual 
oxidation states 129 . The majority of studies which have 
been carried out describe nickel and copper systems with 
tetraza macrocyclic ligands and since the experimental 
work In this chapter involves tetra-aza ligands these 
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former studies are used to Illustrate the effect on redox 
properties. 
Work reported by Busch and co-workers 183 describes 
electrochemical and esr studies for a range of nickel 
complexes with a variety of tetra-aza ligands. The results 
obtained with neutral ligands in Ni(II) complexes showed 
that most underwent a reversible or nearly reversible 
oxidation and similar reduction process producing Ni(III) 
and Nl(I) complexes respectively. One of the conclusions 
reached was that an Increase in ring size increased the 
ease of formation of Ni(I) species and decreased the ease 
of formation of Ni(III) species. It was suggested that 
the difference was due to deviations from ideal metal-
donor atom distances accompanying the redox changes. For 
the complex Ni([16]aneN4)] 2 +, the Ni (II)/(I) and Ni 
(II)/(III) redox couples are both shifted to less anodic 
values than the corresponding redox couples for ,the 
analogous 14 membered ring complex. Strain energy 
calculations support this and show that, for planar or 
near planar co-ordination, and a metal ligand distance of 
2.00A, the strain energy for [161aneN4 was 8.79kcal 
compared to 2.40kcal for [14]aneN4, thus favouring the 
formation of Ni(I) in the larger ring. 
Substituents on the carbon backbone of macrocyclic 
ligands can also affect the redox potentials' 83 because 
of steric effects. An effect Illustrated by the series of 
14-membered ring derivatives, [Nl(L)] 2. where L = L', L2 
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and L, Figure 5.1 
On oxidation of these complexes, the resultant Ni(III) 
species are found to contain axially co-ordjnated solvent 
molecules which can be detected by e.s.r. spectroscopy. 
This situation leads to non-bonding interactions of the 
co-ordinated solvent molecules with the axially 
orientated methyl substituents of the macrocyclic ilgand, 
L'. This effect is exaggerated in the Nl(III) complex 
since the increased oxidation state of the central metal 
Ion leads to an overall contraction of the equilibrium 
metal-ligand distances. The less substituted ligands, L2 
and L, are less sterically hindered and consequently the 
oxidation of these species occurs with greater ease. 
One of the most marked effects on the values of redox 
potential occurs as a result of the extent and type of 
saturation present in a macrocyclic ligand. The most 
common effect observed is the favouring of the lower 
valent states and for oxidations to occur at higher 
energies. For the nickel complexes [Nl(L)) 2 . ( where L = 
L1.5.6) Figure 5.1. the Ni (II)/(III) couple becomes more 
difficult to observe as unsaturatjon increases and the NI 
11/I couple occurs with greater ease. 
It Is suggested that this may reflect the increasing 
polarisability of the metal-ligand bondl 83 . Spectral 
studies have shown that an Increasing, amount of ligand 
unsaturation results In a stronger ligand field toward 
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the co-ordinated N1(II) ion. It also seems likely that 
the increase in rigidity obtained upon increasing 
unsaturation would make the co-ordinated ligand less 
amenable to conformational changes necessary for the 
stabilisation of an oxidised or reduced species. The 
effect exhibited by the type of saturation is illustrated 
by the following example. Complexes containing ligands 
which possess an isolated imine group such as L6 , show 
very cathodic E values signifying that the e must be 
entering a high energy orbital, evidence of which is 
provided by esr and electronic spectra. In contrast, the 
presence of an alpha-diimine function such as that 
observed in L 7 , reduces energy requirements due to 
delocalisation of increased e - density in the conjugated 
ligand and is consequently not a metal-based reduction. 
To summarise the above studies, it Is apparent that the 
redox properties observed in a particular macrocyclic 
ligand complex may be Influenced by a number of factors 
depending upon the nature of that complex. These can 
include; degree and type of ligand unsaturation, ring 
size, number and position of ring substituents and 
preferred co-ordination of product and reactant species. 
5.1.2 Palladium Tetraaza Macrocyclic Complexes 
Tetra-aza macrocyclic ligands have been found to 
stabilise Pd(I) metal centres' 84 but unlike the Ni 
complexes, described above, stabilisation of Pd(III) with 
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this class of ilgands has not been achieved. A range of 
complexes, [Pd(L)] 24 (L358 ' 11  shown in Figure 5.1 ), 
have been synthesised and electrochemically 
character i sed. 
The redox data for a range of tetra-aza Pd complexes is 
presented in table 5.1. 










[Pd(L' 0 )1 2 . 








aj = irreversible, qr = quasi-reversible 
Results quoted obtained under the following 
conditions: CH3CN (0.1M TBAPF&) Vs. Fc/Fc 
These results show that N-methylation Is significant in 
the stabilisation of Pd(I) species. This Is unexpected 
-144- 
since the greater CT-donor character of the methylated 
N-donors, over that of the secondary amine N-donors, 
would be expected to destabilise a Pd(I) metal centre. 
The complex [Pd(L 4 )](PF6)2 was prepared previously ,8 4 by 
the reaction of Pd(OAc)2 with L 4 at 20°C in CH2C12 for 
24h. Addition of NH4PF6 followed by recrystalllsatjon 
from CHNO2 afforded crystals of [Pd(L 4 )](PF)2.CH3No 2 . A 
single crystal x-ray analysis was undertaken to establish 
the conformation of [Pd(L 4 )] 2 * since several isomeric 
fornrs were possible. 
The bond lengths and angles are summarised in table 5.2. 
Table 5.2: Bond Lengths and Angles for [Pd(L4 )] 2 . 
Bond Lengths: Pd-N(1) = 2.051(11)A 
Pd - N(4) = 2.066(11)A 
Bond Angles: N(1)-Pd-N(4) = 88.0(4) 0 
N(1)-Pd-I(1') = 92.7(4)0 
N(1)-Pd-N(4') = 175.5(4) 0  
N(4)-Pd-N(4') = 91.0(4)° 
The Pd is co-ordinated by four N-donor atoms, with the Pd 
lying 0.082A out of the N4 plane 176 . The crystal 
structure shows all four methyl groups to be on the same 
side of the N4 plane in an R,S,R,S configuration (Figure 
5.2). The esr spectrum obtained for [Pd(L 4 )]' shows an 
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FIgure 5.2 	VIew of [Pd(L4)]2 (L4 = Me4[14]aneN4)j 2 +) 
4 
I 
anisotroplc signal with axial symmetry (gj = 2.302, gJ.. 
= 2.076) which is consistent with the formation of a d 
Pd(I) species. The reactivity of the complexes 
[Pd(L8-11 )] 4 mean that characterisatjon by e.s.r. 
spectroscopy was not possible. 
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5.2. Results and discussion. 
5.2.1 Synthesis 
[Pd([15]aneN4 )J(PF6 )2 
A solution of [Pd(CH3COO)2] 3 and [15]aneN4 in CH2C1 2 
exhibits a colour change, from orange-brown to pale 
yellow, after stirring for 48hat room temperature. 
Removal of the solvent by rotary evaporation leaves a 
pale yellow solid. This material can he dissolved in 
water. and obtained as a hexafluorophosphate salt by 
addition of NH4PF6. Recrystallisatjon from water gave 
pale yellow crystals. 
The infra-red spectrum (KBr disc) of this material shows 
bands typically associated with the co-ordinated 
{15]aneN4 macrocyclic ligand; v (N-H) 30003150cm -1 , 
V (C-N). 1430, 1460cm' , v (C - H) 2850-2950cm - I . Also 
observed are bands attributable to the PF6 anion; 
v (P-F) 880,555cm-' . These observations suggest a 
catlonic complex containing the [153aneN4 ligand. 
Fast atom bombardment mass spectroscopy shows a molecular 
ion peak, M = 318, with correct Isotopic distribution 
for [Pd(C,1H24N4)], i.e. [Pd([15]aneN4-2H)] 
Confirmation that the yellow crystals obtained were 
[Pd([15]aneN4)](pF6)2 was provided by elemental analysis: 
Expected; %C = 21.6, %H = 4.26, %N = 9.17 
Obtained; %C = 22.1, %H = 4.53, %N = 9.33. 
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A single crystal was chosen for an x-ray structural 
analysis. Unfortunately the crystal proved to be so 
disordered as to render the structure insolvable. 
[Pd(Me4 [15]aneN)](PF6 )2 
The initially orange-brown solution of [Pd(CH3COO)213 and 
Me4[15]aneN4 in CH2C12 turned yellow while stirring for 
24h at room temperature. The solvent was removed by 
rotary evaporation after which a methanolic solution of 
NH4PF6 was added to the pale yellow solid. Addition of 
ether precipitated a pale yellow-brown solid which was 
recrystallised from CH3NO2/ether by a vapour diffusion 
method yielding small yellow crystals. 
The infrared spectrum (KBr disc) of this material shows 
bands typically associated with the Me4{15]aneN4 ligand; 
v (C-H) 2920cm -1 , v (C-N) 1450, 1480cm -1 . Also observed 
were bands associated with the PF6 - anion; v (P-F) 
840,555cm- 1 . These observations indicate that a cationic 
species containing the macrocyclic ligand Me4[15]aneN4 
has been synthesised. 
Fast atom bombardment mass spectroscopy shows a molecular 
ion peak, M= 521, with the correct isotopic distribution 
for [Pd(C,5H34N4)PF6]•. A further peak is observed at M 
= 376 , corresponding to [Pd(C,3H34N4)]. 
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Elemental analysis confirms [Pd(Me4[15JaneN4)](pF6)2: 
Expected; %C = 27.0, H = 5.12, %N = 8.31 
Obtained; %C = 25.7, %H = 4.84, %N = 8.49 
The UV/vls spectrum of [Pd(Me415]aneN4)](pF6)2 in CH3CN 
shows a single d-d band, consistent with a square planar 
d8 Pd(II) species, centred at 335nm (* = 387.8M - 'cm -1 ). 
A single crystal was selected and an X-ray structural 
analysis was undertaken to determine the co-ordination 
and stereochemistry. Details of the structure solution 
are given in the experimental section. The molecular 
structure of the cation Is shown In figure 5.3. The 
complex crystallised in the orthorhombic space group 
Pnma. Unfortunately considerable disorder was present in 
the crystal and a thorough structural analysis was 
therefore not obtained. However, the following 
observations can be made. The Pd is co-ordinated by all 
four N-donor atoms and is essentially square planar 
although the Pd Is displaced slightly out of the N4 plane 
toward the N-bound methyl groups, Pd-N = 2.15A. The bond 
angles formed by adjacent N-donor atoms are N(1)-Pd-N(4) 
= 81.2(2.5)°, N(1)-Pd-N(12) = 93.0(2.6)0, N(8)-Pd-N(12) = 
86.8(2.3)0. Deviations from 90 0 arise because of the 
smaller bite angle imposed by one pair of adjacent 
nitrogen atoms being separated by an ethylene linkage as 
opposed to a propylene linkage which separates the other 
adjacent N-donors. The crystal structure shows that all 
N-bound methyl groups lie on the same side of the N4 
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Figure 5.3 	View of (Pd(Me4(15]aneN4) j2+ 
C) 
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plane in an R,S,R,S configuration such as that observed 
in the 14 membered ring analogue. 
[Pd([16]aneN4)IIJ(PF6 )2 
Treatment of a solution of [Pd(CH3COO)2]3 with [16]aneN4 
in CH2C12 exhibits a colour change, from orange-brown to 
pale yellow, after stirring for 48h at room temperature. 
Removal of the solvent by rotary evaporation leaves a 
pale yellow solid. This material was dissolved in 
methanolic solution of NH4PF6 and obtained as a 
hexafluorophosphate salt by addition of diethyl ether. 
The infrared spectrum (KBr disc) of this material shows 
bands typically associated with the co-ordinated 
[16]aneN4 macrocyclic ligand; v (N-H) 3130cm - ' , V (C-H) 
2980-3020cm -1 , v (C-N) 1400, 1430cm -1 . Also observed are 
bands assigned to the PF6 anion; v (p-F) 880, 555cm -1 . • 
These observations suggest a cationic complex containing 
the [16JaneN4 ligand. 
Fast atom bombardment mass spectroscopy shows a molecular 
ion peak, MO = 479, with correct isotopic distribution 
for [Pd(C,2H2aN4)PF€]. A larger peak is observed centred 
at M= 333 with isotopic distribution consistent with 
[Pd(C,2H27N4)] , i.e. [Pd([16]aneN4 -H] 
Confirmation that the pale yellow material obtained was 
{Pd([16]aneN4 )J(PF6 )2 was provided by elemental analysis: 
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Expected; %C = 23.1, ZH = 4.49, N = 8.97 
Obtained; %C = 23.8, H = 4.60, %N = 8.80 
[Pd(Me4 [16]aneN4 )](PF6 )2 
A solution of [Pd(CH3COO)2]3 and Me4[16]aneN4 in CH2C12 
was initially an orange-brown colour but turned yellow 
while stirring for 24h at room temperature. The solvent 
was removed by rotary evaporation after which a 
methanolic solution of NH4PF6 was added to the pale 
yellow solid. Addition of ether precipitated a pale 
yellow-brown solid which was recrystallised from CH3'NO2 
as a pale yellow powder.  
The infrared spectrum (KBr disc) of this material shows 
bands typically associated with the Me4[16]aneN4 ligand; 
V (C-H) 2980cm 1 , v (c-N) 1450, 1480cm 1 . Also observed 
were bands associated with the PF& anion; v (P-F) 840, 
555cm 1 . These observations indicate that a cationic 
species containing the macrocyclic ligand Me4[16]aneN4 
had been synthesised, and is tenuously assigned as 
[Pd(Me4[16]aneN4)J(PF6)2. 
5.2.2 Electrochemical Studies 
Cyclic voltammetry of [Pd([15]aneN4)](PF6)2 in CH3CN 
(O.1M Bu4NPF6) at platinum electrodes shows a quasi-
reversible reduction at 20°C which becomes fully 
reversible at -34°C; Eu2 = -1.755V vs. Fc/Fc (Fc = 
ferrocene), 	= 98mV, Ipa/Ipc = 1.0 at a scan rate 
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of 340mVs - ' 
Cyclic voltammetry of [Pd(Me4[15]aneN4)](PF6)2 in CH3CN 
(O.1M Bu4NPF6) at platinum electrodes shows a fully 
reversible reduction at Ei/2= -1.234V vs. Fc/Fc, 
E=112 mV, Ipc/Ipal.O, at a scan rate of 280mVs' 
Cyclic Voltammetry of [Pd([16]aneN4)](PF6)2 in CH3CN 
(0.1M BU4NPF6) at platinum electrodes shows a quasi-
reversible reduction at _40 0 C; E112 =-1.730V vs. 
Fc/Fc(Fc = ferrocene), Ep = 200mV, Ipa/Ipc = 1.8 at a 
scan rate of 3400mVs 1 . The quasi-reversibility obtained 
could only be achieved at low temperatures, fast scan 
rates, and dilute solutions of [Pd([16]aneN4)](PF6)2. If 
these conditions were not employed then the cyclic 
voltammogram observed suggested that dimerisation was 
occurring. 
Cyclic voltammetry of [Pd(Me416]aneN4)](PF6)2 in CH3CN 
(O.1M Bu4NPF6) at platinum electrodes shows an 
irreversible reduction at Epc = -1.23V vs. Fc/Fc at 
_40 0 C and a scan rate of 3400mVs -1 . 
The electrochemical results obtained in this study 
highlight two major factors in the stabilisatlon of 
Pd(I). Firstly, N-methylation has a marked effect and has 
been noted previouslyl 83 . 184 . The results obtained In the 
previous studyl 84 showed that the Pd (II)/(I) couple fOr 
[Pcl(L 4 )] 2.• occurs at a potential 630mV more anodic than 
the non-methylated analogue [Pd(L 3 )] 24 . The results 
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obtained in this study are similar with corresponding 
anodic shifts of 520mV and 500mV for the analogous 15 and 
16-membered ring species. The effect of N-methylation has 
been attributed to the weaker in-plane field exerted by 
N-methylated ligands, and also the decomposition pathway 
being blocked by the methyl substituent. The second 
effect highlighted by this study is that imposed by the 
ring size. Once again the Pd (11)1(1) couples of 
[Pd(L4 )] 2 + and [Pd(L 3 )] 2 4 are useful for comparison' 84 . 
On Increasing the ring size from 14 to 15 for both the 
methylated and non-methylated rings, the Pd(I) species is 
stabilised by 300mV and 350mV respectively. The 
stabilisation occurring in this case is attributable to 
the larger ring being better able to accommodate the 
larger Pd(I) ion. It is interesting that a further 
Increase in ring size did not produce still greater 
stabilisation of the Pd(I) species; this may be as a 
result of the extra bulk of the ligand causing a 
destabilising effect or alternatively that the ring size 
is simply too big for Pd(I). Impurities present in the 
Me4[16]aneN4 ligand may have affected the electrochemical 
characterisation of this species in terms of 





The synthesis of four Pd(II) complexes, 
[Pd([15]aneN4)(PF6)2, [Pd(Me4[15]aneN4)](pF6)2, 
[Pd([16]aneN4)](PF6)2 and [Pd(Me4[16]aneN4)](pF6 )2 was 
carried out and an electrochemical study of these 
complexes was performed and comparisons were made with 
the 14 membered ring analogues, [Pd([14]aneN4)](PF6)2 and 
[Pd(tle4[14]aneN4)J(PF6)2. As expected N-methylation and 
increase in ring size were shown to stabilise the Pd(I) 
species formed by reduction of the above complexes. 
Methylation of the N-donors causes a weaker in plane 
ligand field to be exerted than that of macrocyclic 
ligands containing secondary amine protons and 
consequently the Pd(II) species are destabilised. 
Increases or decreases in ring size can also show marked 
effects on the ligand field strengths due to deviations 
from the preferred metal-donor bond distance. Comparison 
of redox couples for an increase in ring size from 14 to 
15 illustrates this effect for the complexes containing 
both methylated and non-methylated ligands. The Pd(I) 
species is stabilised In the larger ring systems, showing 




Electrochemical mesurements were recorded on a 
Brucker 310 Universal Modular Polarograph. Cyclic 
voltammetric studies were undertaken using a three 
electrode potentiostat system In MeCN with 0.1M 
tetrabutylammonium hexaf luorophosphate (TBAPF6) 
supporting electrolyte. Platinum button microelectrodes 
were employed as auxiliary and working electrodes with a 
Ag/AgC1 reference electrode. The test solutions were 
purged with a stream of dry argon gas prior to their 
study. All potentials are quoted versus Fc/Fc unless 
otherwise stated. Other physical methods were carried out 
as in earlier chapters. 
Preparation of Me4[15]aneN4 
Me4[15]aneN4 was prepared by methylation of the 
commercially available [15]aneN4 llgand' 85 . This was 
achieved by ref luxing {15]aneN4 (0.5g, 23.4mmol) in 98% 
formic acid (6cm 3 )/40% formaldehyde (16cm 3 ) for 24h under 
N2. On cooling the pH was adjusted to Ca. 10 and the 
methylated ligand was extracted with chloroform. Removal 
of the solvent and recrystallising from ether gave a 
colourless oil 
Preparation of [16JaneN4 
The ligand [16]aneN4 was prepared according to the 
published procedurel 86 
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1,3-propanediol was tosylated by addition of 
p -toluenesuphonyl chloride (0.2mol) in ether (200m1) to 
a solution of 1,3-propanediol in water. The ditosylated 
dio,l was isolated as an oily solid and recrystallised 
from an acetone/water mixture as a pure crystalline solid 
in 65% yield. The linear amine, N,N"-bis(3-aminopropyl)-
1,3-diaminopropane was tosylated by dropwise addition of 
p -toluenesuiphonyl chloride (0.4mol) in ether (400m1) to 
a solution of the amine in water (108m1) containing NaOH 
(0.4mo].). The solution was then stirred for lh at room 
temperature. The solid tosylate, II, was isolated by 
filtration and washed with ice cold methanol. The 
disodium salt of II was prepared by the addition of NaH 
(as a suspension in oil) in small portions to a solution 
of II (0.05mol) in 500m1 of DMF. After the evolution of 
hydrogen had ceased, the excess NaH was removed by 
filtration. The filtrate was heated to 1100C and a 
solution of the ditosylated 1,3-propanedjol (0.05mol) in 
DMF (250ml) was added over 18h with stirring. After 
cooling, the volume of DMF was reduced to 150m1 and 11. of 
de-ionised water was slowly added. The mixture was 
filtered and the product washed with water. The product 
1,5 ,,9 , 13-tetra-p-toluenesulphonyl-1 ,5,9, 13-tetra-
azacyclohexadecane, III, was obtained in 90% yIeld and 
used in the subsequent step without further purification. 
To detosylate compound III, a solution of III (0.045mo1) 
in 98%H2SO4 (lOOm!) was maintained at 1000C for 56h. The 
solution was then cooled in an ice bath' and ethanol 
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(200m1) was slowly added, followed by addition of ether 
(500m1). The precipitate was removed by filtration and 
dissolved in a minimum amount of water and the pH 
adjusted to 12 by addition of NaOH. The solution was 
extracted with equal volumes of chloroform six times. The 
chloroform extracts were dried with MgSO4 and evaporated 
to dryness giving a pale yellow oil (0.5g), which even 
upon repeated attempts at purification could not be 
obtained as a solid. Subsequent complexation of the 
[16]aneN4 was achieved from the oily product obtained. 
Preparation of Me4[16]aneN4 
Me4[16]aneN4 was prepared from the above oil using the 
method described above for Me4[15]aneN4. 
Preparation of [Pd({15]aneN4)](PF6)2 
A solution of [Pd(CH3C0O)213 (105mg, 0.48mmol) and 
[15]aneN4 (100mg, 0.48mmol) in freshly distilled CH2C12 
gave an orange-brown colouration. Upon stirring this 
solution at room temperature for 48h, a pale yellow 
solution of [Pd([15]aneN4)](CH3COO)2 was obtained. 
Removal of the solvent by rotary evaporation isolated the 
acetate salt as a pale yellow powder, which was 
subsequently dissolved In a solution of NH4PF6 (165mg, 
1.01mmol) In de-ionised water. Slow evaporation of this 
solution over several days produced yellow crystals of 
[Pd([15]aneN4)](PF6)2 in 86% yield. 
-159- 
I.r. V (N - H) 3000-3150cm-', v (C - N) 1430, 1460cnr' 
V (C-H) 2850-2950crn' . v (P-F) 880,555cm 1 . 
F.a.b. Mass Spectrum M = 318. 
Elemental analysis for [Pd([15]aneN4)](PF5)2: 
Expected; %C 21.6. %H 4.26, %N 9.17. 
Obtained; %C 22.1, H 4.53, %N 9.33. 
Preparation of {Pd(Me4[151aneN4)J(PF6)2 
A solution of [Pd(CH3COO)213.(135mg, 0.531mmol) and 
Me4[15]aneN4 (150mg, 0.547mmol) in freshly distilled 
CH2C12 gave an orange-brown colouration. Upon stirring 
this solution at room temperature for 48h, a pale yellow 
solution of [Pd(Me4[15]aneN4)](CH3COO)2 was obtained. 
Removal of the solvent by rotary evaporation isolated the 
acetate salt as a pale yellow powder, which was 
subsequently dissolved in a methanolic solution of NH4PF6 
(178mg, 1.10mmol). Addition of diethyl ether to this 
solution yielded [Pd(Me4[15]aneN4)](PF6)2 as a yellow 
powder which was recrystallised from CH3NO2/ether by a 
solvent diffusion method. Small yellow crystals of 
[Pd(Me4[15]aneN4)](PF6)2 were obtained In 53% yield. 
I.r. 	V (C-H) 2920cm - ' , V (C-N) 1450, 1480cm - ' 
V (P-F) 840,555cm-' 
F.a.b. Mass spectrum.M= 521, 376 
Elemental Analysis for [Pd(Me4[15JaneN4)](PF$)2: 
Expected; %C 27.0, %H 5.12, %N 8.31 
Obtained; %C 25.7, %H 4.84, %N 8.49. 
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UV/vis spectrum: d-d band at 335nm ( = 387.8 M - 'cm-') 
Preparation of [Pd([16]aneN4 )J(PF6 )2 
A solution of [Pd(CH3COO) 2 ] 3 (39mg, 0.153mmol) and 
[16]aneN4 (35mg, 0.154mmol) in freshly distilled CH2C12 
gave an orange-brown colouration. Upon stirring this 
solution at room temperature for 48h, a pale yellow 
solution of [Pd([16]aneN)](CH3COO)2 was obtained. 
Removal of the solvent by rotary evaporation isolated the 
acetate salt as a pale yellow powder, which was 
subsequently dissolved in a methanolic solution of NH4PF6 
(50mg, 0.306mmol). Addition of diethyl ether to this 
solution yielded [Pd([16]aneN4)J(pF6)2 as a yellow powder 
which was recrystallised from CH3NO2/ether by a solvent 
diffusion method. [Pd([16]aneN4)](pF6)2 was obtained as a 
yellow, powder in 60% yield. 
I.r. V (N - H) 3130cm - ' 	V (C - H) 2980-3020cm - i 
V (C-N) 1400, 1430cm - ' , V (P-F) 880, 555cm-' 
F.a.b. Mass Spectrum: M = 478, 333. 
Elemental Analysis for [Pd([16]aneN4)](pF6)2: 
Expected; %C 23.1, %H 4.49, %N 8.97 
Obtained; %C 23.8, %H 4.60, %N 8.80 
Preparation of [Pd(Me4 [l6]aneN4 ) ](PF )2 
A solution of [Pd(CH3COO) 2 ] 3 (16mg, 0.063mmol) and 
Me4[16]aneN4 (19mg, 0.066mmol) In freshly distilled 
CH2C12 gave an orange-brown colouration. Upon stirring 
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this solution at room temperature for 48h, a pale yellow 
solution of [Pd(Me4[16]aneN4)](CH3COO)2 was obtained. 
Removal of the solvent by rotary evaporation isolated 
the acetate salt as a pale yellow powder, which was 
subsequently dissolved in a methanolic solution of NH4PF 6 
(20mg, 0.123mmol). Addition of diethyl ether to this 
solution yielded [Pd(Me4[16]aneN4)](pF6)2 as a yellow 
powder which was recrystal]ised from CH3NO2/ether by a 
solvent diffusion method. [Pd(Me4[16]aneN4)](pF6)2 was 
obtained as a yellow powder in 45% yield. 
I.r. V (C - H) 2980cm - ', V (C - N) 1450, 1480cm - ', 
V (P-F) 840, 555cm - ' 
Crystal Structure Determination of 
[Pd(Me4 [15]aneN4 ) I (PF6 )2 
A yellow tabular crystal grown from CHNO2/Et2O, by a 
solvent diffusion method, was selected for study by X-ray 
analysis. 	 . 
Crystal Data: C15H34N4Pd 2 +2pF6 - .CH3NO2, M = 703.61, 
orthorhombic, space group Pnma. a = 18.153(5), b = 
10.2258(16), c = 15.169(3)A, U=2815.8A (from 29 values 
of 17 reflections measured at '-1(9 < 29 < 170), 
Dc = 1.659gcm -3 , Z = 4, F(000) = 1472.0, 	0.71069. 
Data Collection and Processing: STADI-2 dlffractometer, 
t,)-2& scans, 2061 unique data (2emax =45°) measured 
using Mo-Kcx X-radiatlon giving 803 data with F > 6.0O(F) 
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Structure Analysis and Refinement 
The Pd was located using a Patterson map after which 
successive least squares refinement and difference 
Fourier synthesis located the non-H atoms. Severe 
disorder in the cation meant that all bond lengths and 
angles, with the exception of the N-Pd-N angles, were 
constrained. Current R, Rw = 0.0897, 0.0952 based on 803 
parameters. A diagram showing the molecular structure of 
the cation was prepared using ORTEP 88 . 
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APPENDIX 
GOLD COMPLEXES OF [9IaneS3 
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A.1 Introduction 
The macrocyclic ligand [93aneSs has been shown to be 
versatile in the complexation of a variety of metal 
centres in a range of oxidation states. Electrochemical 
or chemical oxidation of [M([9]aneS3)2] 2 • ,where M = Pd or 
Pt, affords the stable d7 Pd(III)"S and Pt(III) 150 species. 
Also known is the d7 Rh(II) species 147 obtained by 
electrochemical reduction of [Rh([9]aneS3)2] 3 '. The 
stabilisation of these metal complexes in these unusual 
oxidation states arises from the stereochemistrjes 
imposed by the [9)aneS3 ligand which do not match the 
desired co-ordinational requirements of a particular 
metal centre. For example d8 Pd(II) prefers to adopt 
square planar geometry, in the complex [Pd([9]aneSs)2] 2 + 
apical interactions mean that this complex exhibits a 4+2 
co-ordination. The stabilisation of the Pd(III) species 
is suggested to occur due to destabilisation of the 
Pd(II) centre by these apical interactions. A study of 
the complexation of Au with [9aneS3 was undertaken in 
the hope that complexes containing unusual 
stereochemjstrjes and oxidation states might be 
synthesised and characterised. 
A.2 Synthesis and Characterisation of [Au([9]aneS)2] 0  
The reaction of HAuC1 4 with two equivalents of [9]aneS3 
was carried out in a variety of solvents. 
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[ClsAu([9]aneSs)] 
A stirred solution of HAuC14 (40mg, 0.118mmol) and 
[9]aneS3 (43mg, 0.24mmol) in ref luxing THF or CHC1 
formed a green insoluble product. 
I.r. v (C-H) 2950,2890cm -1 , v (c-s) 1435, 1405, 1390cm -1 , 
V (Au-Cl) 340cm - '. 
F.a.b; Mass Spectrum M = 484 with correct isotopic 
distribution for AuC6H,2S3C13. 
Elemental analysis for AuC€H,2S3C13; 
Expected; %C 14.9 %H 2.48 %N 0.0 
Obtained; %C 13.2 ZH 2.19 %N 0.0 
This material was suspected of being polymeric due to its 
insolubility and also by analogy to its congener 
[Os([9]aneS3)Cl3]fl 181 
[Au([9]aneS3)2 ]Cl 
HAuC14 (40mg, 0.118mmol) in H20/MeOH (10cm 3 ) was added to 
a ref luxing solution of [9)aneS3 (43mg, 0.24mmol) in 
H20/MeOH (20cm 3 ). A colour change from orange to 
colourless occurred over 15 minutes. Removal of the 
solvent by rotary evaporation left an off-white solid 
which was washed with CH2C12 and recrystallised from 
CH3NO2. [Au([9]aneSs)2]Cl was obtained in very low yield. 
Attempts to obtain further amounts of this material were 
unsuccessful 
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F.a.b. mass spectrum: M = 557 with correct isotopic 
distribution for [Au([9)aneS3)2)•. 
[Au([9]aneS3)2]• was eventually resynthesised using the 
above conditions by A.J. Holder and obtained as a PF6 -
salt by addition of NH4PF6 to the methanolic reaction 
mixture. As above only a very low yield of the product 
could be obtained. A.J. Holder was successful in 
obtaining single crystals of this material, which were 
solved as part of the work contained in this thesis. 
Crystals of [Au([9]aneS3)2]pF6 were grown from CH3CN/Et20 
and an X-ray crystal structure determination was 
undertaken. Details of the structure solution are given 
below. The crystal structure of [Au([9]anes3)2JpF6 showed 
two Au(I) ions per asymmetric unit, which both exhibited 
the same unusual stereochemistry. A view of the cation is 
given in Figure A.1 with bond lengths and angles in Table 
A.1. The Au had a co-ordination number of four and was 
bound to two [9]aneS3 ligands. One of the {9]aneS3 
ligands is bound in a tridentate manner; Au(1)-S(21) 
2.350(7)A, Au(1)-S(24) 2.733(8)A, Au(1)-S(27) 2.825(8)A, 
for the first cation and Au(2)-S(41) 2.341(8)A, Au(2)-
S(44) 2.801(8)A, Au(2)-S(47) 2.807(9)A for the second 
cation. The angles for both cations are; S(21)-Au(1)-
S(24) 84.53(24)o, S(21)-Au(1)-S(27) 83.21(23)o, S(24)-
Au(1)-S(27) 77.21(23)0, S(41)-Au(2)-S(44) 83.99(24) 0 , 
S(41)-Au(2)-S(47) 85.53(26)0, S(44)-Au(2)-S(47) 
76.83(23)0, showing that the Au centre is bound 
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Bond Lengths(A) with standard deviations 
Au(1) 	-S(11) 2.302( 	6) C(28) 	-C(29) 1.23( 	4) 
Au(1) 	-S(21) 2.350(7) S(31) 	-C(32) 1.832(22) 
Au(1) 	-S(24) 2.733( 	8) S(31) 	-C(39) 1.856(22) 
Au(1) 	-S(27) 2.825( 	8) C(32) 	-C(33) 1.45( 	3) 
Au(2) 	-S(31) 2289( 	7) C(33) 	-S(34) 1.809(23) 
Au(2) 	-S(41) 2.341( 	8) S(34) 	-C(35) 1.776(20) 
Au(2) 	-S(44) 2.801( 	8) C(35) 	-C(36) 1.51( 	3) 
Au(2) 	-S(47) 2.807( 	8) C(36) 	-S(37) 1.844(23) 
S(11) 	-C(12) 1.785(23) S(37) 	-C(38) 1.823(24) 
S(11) 	-C(19) 1.771(20) C(38) 	-C(39) 1.43(3) 
-C(13) 1.55( 	3) S(41) 	-C(42) 1.86( 	3) 
-S(14) 1.759(23) S(41) 	-C(49) 1.855(23) 
S(14) 	-C(15) 1.744(24) C(42) 	-C(43) 1.51(4) 
C(15) 	-C(16) 1.57( 	3) C(43) 	-S(44) 1.82( 	3) 
C(16) 	-S(17) 1.788(23) S(44) 	-C(45) 1.89(3) 
S(17) 	-C(18) 1.813(21) -C(46) 1.39(4) 
C(18) 	-C(19) 1.60(3) -S(47) 1.762(24) 
S(21) 	-C(29) 1.79(3) S(47) 	-C(48) 1.830(20) 
S(27) 	-C(28) 1.85( 	3) C(48) 	-C(49) 1.55( 	3) 
Angles(degrees) with standard deviations 
S(11) 	-Au(1) 	-S(21) 153.98(23) C(23')-S(24) 	-C(25') 141.2(7) 
S(11) 	-Au(1) 	-S(24) 113.06(23) Au(1) 	-S(27) 	-C(26) 93.3(5) 
S(11) 	-Au(1) 	-S(27) 118.35(21) Au(1) 	-S(27) 	-C(26') 99.7(5) 
S(21) 	-Au(1) 	-S(24) 84.53(24) -S(27) 	-C(28) 88.6(10) 
S(21) 	-Au(1) 	-S(27) 83.21(23) C(26) 	-S(27) 	-C(28) 131.4(11) 
S(24) 	-Au(1) 	-S(27) 77.21(23) C(26 1 )-S(27) 	-C(28) 92.7(11) 
S(31) 	-Au(2) 	-S(41) 156.4( 	3) S(27) 	-C(28) 	-C(29) 133.5(24) 
S(31) 	-Au(2) 	-S(44) 115.53(23) S(21) 	-C(29) 	-C(28) 119.4(22) 
S(31) 	-Au(2) 	-S(47) 110.78(24) -S(31) 	-C(32) 106.6(7) 
S(41) 	-Au(2) 	-S(44) 83.99(24) Au(2) 	-S(31) 	-C(39) 108.4(7) 
S(41) 	-Au(2) 	-S(47) 85.5(3) C(32) 	-S(31) 	-C(39) 106.9(10) 
S(44) 	-Au(2) 	-S(47) 76.83(23) S(31) 	-C(32) 	-C(33) 114.6(15) 
Au(1) 	-S(11) 	-C(12) 108.7(8) -C(33) 	-S(34) 120.4(16) 
Au(1) 	-S(11) 	-C(19) 102.5( 	7) -S(34) 	-C(35) 104.3(10) 
C(12) 	-S(11) 	-C(19) 107.6(10) S(34) 	-C(35) 	-C(36) 116.5(14) 
S(11) 	-C(12) 	-C(13) 119.8(16) C(35) 	-C(36) 	-S(37) 115.3(15) 
C(12) 	-C(13) 	-S(14) 119.8(16) C(36) 	-S(37) 	-C(38) 104.0(10) 
C(13) 	-S(14) 	-C(15) 103.0(11) S(37) 	-C(38) 	-C(39) 120.8(16) 
S(14) 	-C(15) 	-C(16) 120.0(16) S(31) 	-C(39) 	-C(38) 113.6(16) 
-C(16) 	-S(17) 114.5(15) Au(2) 	-S(41) 	-C(42) 105.6(8) 
-S(17) 	-C(18) 105.7(10) Au(2) 	-S(41) 	-C(49) 106.4( 	7) 
S(17) 	-C(18) 	-C(19) 114.3(13) C(42) 	-S(41) 	-C(49) 104.1(11) 
S(11) 	-C(19) 	-C(18) 115.4(13) S(41) 	-C(42) 	-C(43) 121.7(18) 
Au(1) 	-S(21) 	-C(22) 95.4( 	5) C(42) 	-C(43) 	-S(44) 113.9(18) 
Au(1) 	-S(21) 	-C(22') 103.7( 	5) Au(2) 	-S(44) 	-C(43) 100.8( 	9) 
Au(1) 	-S(21) 	-C(29) 108.3( 	9) Au(2) 	-S(44) 	-C(45) 104.0( 	9) 
C(22) 	-S(21) 	-C(29) 116.1( 	9) C(4) 	-S(44) 	-C(45) 95.7(12) 
C(22)-S(21) 	-C(29) 89.7(9) S(44) 	-C(45) 	-C(46) 121.4(20) 
Au(1) 	-S(24) 	-C(23) 94.5( 	5) -C(46) 	-S(47) 126.4(19) 
Au(1) 	-S(24) 	-C(25) 102.9( 	5) Au(2) 	-S(47) 	-C(46) 106.4( 	8) 
Au(1) 	-S(24) 	-C(23') 84.8( 	5) Au(2) 	-S(47) 	-C(48) 99.1( 	7) 
Au(1) 	-S(24) 	-C(25') 98.7( 	5) -S(47) 	-C(48) 92.5(10) 
0(23) 	-S(24) 	-C(25) 80.1( 	6) S(47) 	-C(48) 	-C(49) 119.1(14) 
C(23) 	-S(24) 	-C(25') 104.8( 	7). S(41) 	-C(49) 	-C(48) 120.8(14) 
C(25) 	-S(24) 	-C(23 1 ) 116.6( 	7) 
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Figure A.i 	View of (Au((9)aneS3) 2 ]+ 
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asymmetrically to the three S-donor atoms. The second 
[9]aneS3 ligand is bound in a previously unreported 
monodentate fashion; Au(1)-S(11) 2.302(6)A, Au(2)-
2.289(7)A. The bond angles between each of the co-
ordinated ligands are; S(11)-Au(1)-S(21) 153.98(23) 0 , 
S(11)-Au(1)-S(24) 113.06(23) 0 , S(11)-Au(1)-S(27) 
118.35(21)0, S(31)-Au(2)-S(41) 156.4(3) 0 , S(31)-Au(2)--
S(44) 115.53(23)°, S(31)-Au(2)-S(47) 110.78(24)0. This 
indicates that a large distortion from tetrahedral 
geometry •exists. The structu -e may be regarded as a 
compromise between the preferred facial co-ordination of 
[9]aneS3 and the tendency for Au(I) to form linear 
complexes 
[Au([9JaneS3)21 was found to be air sensitive in 
solution and could be oxidised chemically or aerially to 
a yellow species (\max = 403nm). The e.s.r. spectrum, 
Figure A.2, of this species showed gay = 2.019 with 
hyperfine coupling to 197 Au (I = 3/2, 1007) A = 59G (G = 
10 -4 T). On the basis of this data the species was 
assigned as the paramagnetic d 9 Au(II) species; 
[Au([9]aneS3)2] 2. . 
A.3 Synthesis and Characterisatjon of 
[Au([9]aneS3)2 J(BF4)2 
[Au([9]ane53)21(BF4)2 was subsequently prepared using a 
direct method of synthesis by A.J. Holder. KAuC14 and two 
molar equivalents of [9]aneS3 were ref luxed in an aqueous 
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Figure A.2 	Esr Spectrum of [Au([9]aneS3)2]2 
Table A.2 	Bond lengths and Angles for (Au([9]anes3)2) 2 + 
Bond Lengths() with standard deviations 
Au - S(1) 2.839( 	5) C(3) -. S(4) 1.804(20) 
Au - S(4) 2.462( 	5) S(4) - C(S) 1.821(19) 
Au - S(7) 2.452( 	5)  - C(6) 1.533(25) 
S(1) - C(2) 1.811(21)  - S(7) 1.831(17) 
S(1) - C(9) 1.809(19) S(7) - C(8) 1.808(18) 
C(2) - C(3) 1.50( 	3) C(8) - C(9) 1.53( 	3) 
Angles(degrees) with standard deviations 
S(1) - Au - S(4) 83.60(16) 
S(1) - Au - S(7) 83.67(15) 
S(4) - Au - S(7) 87.67(15) 
Au - S(1) - C(2) 92.0( 	7) 
Au - S(1) - C(9) 97.5( 	6) 
C(2) -"S(1) - C(9) 103.7( 	9) 
S(1) - C(2) - C(3) 120.2(14) 
C(2) - C(3) - S(4) 114.4(14) 
Au - S(4) - C(3) 106.5( 	6) 
Au - S(4) - C(5) 97.6( 	6) 
C(3) - S(4) - C(S) 102.3( 	9) 
S(4) - C(S) - C(6) 115.3(12) 
C(S) - C(6) - S(7) 114.1(12) 
Au - S(7) - C(6) 102.7( 	5) 
Au - S(7) - C(8) 101.5( 	6) 
C(6) - S(7) - C(8) 103.7( 	8) 
S(7) - C(8) - C(9) 118.7(13) 
S(1) - C(9) - C(8) 114.6(13) 
Figure A.3 	View of (Au([9]aneS3)212+ 
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solution of HBF4/MeQH affording a yellow solution which 
was extracted by CHNO2. After removal of CH3NO2 by 
rotary evaporation, the residual yellow solid was taken 
up in CH3CN and insoluble impurities removed by 
filtration. Crystals of [Au([9:JaneSs)21(BF4)2.2CH3CN were 
obtained from CHCN/Et20 and one was selected for an 
X-ray structural determination. Details of the structure 
solution are given below. The [Au([9]aneS3)3] 2 • cation 
was shown to have tetragonally elongated octahedral 
stereochemistry as expected for a Jahn-Teller distorted 
d 9 Au(II) species. A view of the cation Is shown in 
Figure A.3 with the bond lengths and angles in Table A.3. 
The Au lies on an inversion centre with Au-S(1) = 
2.839(5), Au-S(4) = 2.462(5), Au-S(7) = 2.452(5)A. Bond 
angles are S(1)-Au-S(4) 83.59(16), S(1)-Au-S(7) 
83.67(15), S(4)-Au-S(7) 87.66(15). Comparison with the 
[Au([9]aneS3)2] 3 • cation; Au-S(1) = 2.296(4), Au-S(4) = 
2.348(4), Au-S(7) = 2.354(4)A, shows a lengthening of the 
apical bonds, and a reduction in the equatorial bonds 
consistent with the square planar geometry exhibited by 
d8 species. 
A.4 Conclusions 
The stabilisatlon of unusual oxidation states and 
stereochemistries exhibited by the macrocyclic ligand 
tl9JaneSs are beautifully demonstrated by the range of 
complexes [Au([9JaneS3 )2 ], [Au([9]aneS3 )2 ]2 and 
[Au([9]aneSs)2] 3 •. The synthesis and structural 
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characterisation of the first two of these complexes has 
been described. For {Au([9]aneS3)21, a conflict between 
the co-ordinational preferences of Au(I) and the facially 
binding macrocycle result in large distortions from 
tetrahedral geometry. The very unusual mononuclear Au(II) 
species, [Au([9]aneS3)2] 2 shows tetragonally distorted 
octahedral geometry consistent with a Jahn-Teller 
disorted d 9 metal centre. This complex also shows 
structural similarities to the Jahn-Teller distorted d 
compLex, [Pd([9]aneS3)2] 3 . The stabilisation of the 
Au(II) species above that of Au(I) may be attributed to 
the unusual geometry which the latter species is forced 
to adopt, destabilising the Au(I) centre. 
A.5 Experimental 
Crystal Structure Determination of [Au([9]aneS3 )2 ]PF€,. 
The crystal selected for structural determination was a 
colourless plate of dimensions 0.39x0.19x0.038mm. 
Crystal Data: C12H24S6AUPF6 - , M = 702.56, monoclinic 
space group P21, a = 7.4119(5), b = 19.1391(18), 
C = 16.1197(13)A, 13 = 102.362(7)0, U = 2233.7A 
(from 20 values of 50 reflections measured at 
+C(22<2<250, A= 0.71073A)), T = 298K, D c = 2.089gcm -3 , 
Z = 4; F(000) = 1360, ,4A = 72 . 29cm - ' 
Data Collection and Processing: Stoë STADI-4 four circle 
diffractometer, Mo-KO(X-radiat Ion, L- 2e scans using 
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the learnt profile method, 3024 unique reflections 
measured (29 max = 450. +h,+k,+l), initial correction for 
absorption by means of çllscans, giving 2548 data with 
F > 60(F). 
Structure Analysis and Refinement. 
The Au atoms were located from a Patterson synthesis. 
Least Squares refinement and difference Fourier synthesis 
located all non-H atoms. At .isotropic convergence, final 
corrections for absorption were made using DIFABS (max. 
•and mm. transmission factors, 1.707 and 0.510 
respectively.). Anisotropic thermal parameters were 
refined for Au, S, P, and fully occupied F atoms. H atoms 
were included in fixed calculated positions. The 
structure contained elements of disorder which were 
modelled: For one disordered PF6 - anion this was achieved 
using partially occupied F atoms. The more significant 
disorder affected the two -CH2-CH2- moieties bonded to 
S(24); restrained refinement converged satisfactorily, 
giving occupancies of 0.72(5) for C(22), C(23) and 
0.62(5) for C(25), C(26). The weighting schemecj-' = 
2 (F) + 0.002103F 2 gave satisfactory analyses. At final 
convergence R, Rw = 0.0608, 0.0839 respectively for 344 
parameters, S = 1.124, the difference map showing no 
residues above 1.01eA - . 
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Crystal Structure Determination of [Au([9]aneS 3  )2 ](BF4 )2 
A red columnar crystal of dimensions, 0.55xO.30x0.20mm, 
bathed in mother liquor was sealed in a Lindemann 
capillary tube and cooled to 173K on a Stoë STADI-4 four 
circle dlffractometer equipped with an Oxford Cryosystems 
low-temperature device. 
Crystal Data: C12H24S6AU 2 •2BF4 - , M = 813.28, orthorhombic 
space group Pcab, a = 8.6921(13), b = 14.823(3), c = 
21.5687(23)A, U = 2779.OA (from 29 values of 42 
reflections measured at +cA)(24<29<260, \ = 0.71073A)), 
T = 173K, Dc 	1.944gcm -3 , Z = 4; F(000) = 1360, 
5.78mm - '. 
Data Collection and Processing: Stoë STADI-4 four circle 
diffractometer, Mo-K X-radlation, t - 2e scans, 2715 
unique reflections measured (max= 45 0 ), initial 
correction for absorption by means of (/1 scans, giving 
1146 data with F > ZC(F). 
Structure Analysis and Refinement. 
Intensity statistics indicated the position of the Au 
atom on an inversion centre and using this information 
DIRDIF located the S atoms. Iterative rounds of least 
squares refinement and difference Fourier synthesis 
located all non-H atoms. At isotropic convergence, final 
corrections for absorption were made using DIFABS . H 
atoms were included in fixed calculated positions. Some 
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disorder in the BF4 was modelled using partially 
occupied F atoms. At final convergenceR,. R = 0.0663, 
0.0859 respectIvely for 123 parameters, S = 1.209, the 
difference map showing no residues above 1.50eA -3 . 
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Rhenium Complexes of Tetra-aza Macrocycles: The Synthesis and Single-
crystal X-Ray Structure of trans-[Re(0)2(cyclam)]Cl.2(Bph3.H0)t 
AlexanderJ. Blake, John A. Greig. and Martin Schräder' 
Department of Chemistry. University of Edinburgh. West Mains Road, Edinburgh EH9 3JJ 
Reaction of [Re0CI 3 (PPh 3 ) 2 ] with 1,4.8.11 -tetra-azacyclotetradecane (cyclam) in CH 20 2 affords an 
intermediate 'ReOCI 3 (cyclam)' which hydrolyses readily to [Re(0) 2 (cyclam)] in solution. trans-
[Re(0) 2 (cyclam)JCl.2(Bph 3 .H 20) crystallises in the monoclinic space group P2,1n, M = 974.26, 
a = 9.386 9(4), b = 13,550 4(7), c = 17.772 7(11) A, 3 = 91 .918(5), and Z = 2, implying that 
both the macrocyclic complex cation and the chloride counter ion lie on inversion centres. The 
single-crystal X-ray structure of the complex shows octahedral Rev with the tetra-aza macrocyclic 
ligand bound in the equatorial plane adopting an RRSS (trans-Ill) configuration at the 
co-ordinated N donors, Re—N(1) 2.1 28(3), Re—N(1 1) 2.135(3) A. The co-ordination shell is 
completed by mutually trans dioxo ligands, Re=O 1.756(3) A. The Cl counter ion is not 
co-ordinated td the Re centre. Two molecules of the adduct BPh 3.H 30 are also observed in the 
crystal. Extensive hydrogen bonding is observed in the crystal between the oxo ligands, water 
molecules, chloride counter ions, and the amine protons of the macrocyclic ligand. 
Very little work has been reported on the complexation of 
rhenium by macrocyclic ligands.' We were interested in 
Investigating the macrocyclic chemistry of rhenium as an 
extension of our previous work on the platinum group metals. 2 
The high-valent chemistry of rhenium is particularly well 
developed and, in view of the interest in the synthesis of 
ruthenium and osmium oxo complexes as redox catalysts for 
organic reactions. 34  we have undertaken a study of the 
complexation of rhenium by tetra-aza macrocyclic ligands. 
We describe herein the synthesis of rhenium(v) mono-oxo 
and dioxo complexes of 1.4.8.1 l-tetra-azacyclotetradecane 
(cyclam). and the single-crystal X-ray structure of trans-
[Re(0) 2 (cvclam)JCl.2(Bph 3 .H2O) 
Results and Discussion 
Reaction of [Re0Cl 3 (PPh 3 ) 2] with one molar equivalent of 
cyclam in dried CH,CI, for 2 hfollowed b y addition of diethyl 
ether affords a pale brown product tentatively assigned as 
'ReOCl 3 (cyclam)'. The i.r. spectrum of the complex shows, in 
addition to bands due to co-ordinated cvclam. a band at 915 
cm assigned to the Re=O stretching vibration, v(Re=O. of a 
mono-oxo rhenium complex. 6  Repeated attempts to recrvstallise 
this sensitive species in the presence of a variety of counter ions 
led to the isolation of a hvdrolvsed product, the fast atom 
bombardment mass spectrum of which showed a peak at 
= 419 corresponding to the molecular formula [ReC, 0 -
H 3 N.5 O.]. Addition of NaBPh 4  to a solution of the product 
in MeNO, followed by addition of diethvi ether yielded a light 
brown product. The i.r. spectrum of the complex (KBr disc) 
shows a band at 825 cm' assigned to the as ymmetric 
v(O=Re=O) stretching vibration of a trans-dioxo O=Re=O 
species. Single crystals of this product were obtained from 
MeCN-Et,O and a structural analysis was undertaken to 
confirm the co-ordination and stereochemistry of this isolated 
product. 
The single-crystal X-ray structural analysis shows the 
* tran.s-Duoxcsi I.4..1 l-tetra-azacvclotetradecaneJrhcnIum(v) chloride-
ltriphenvlborane monohydrate (I 2). 
Supplenzentarv data arai/ahls': sec Instructions for Authors. J. Cheni. 
Soc.. Dalton Trans.. 1988. Issue I. pp. xvii-.-xx. 
Figure I. Single-crystal X-ray structure of the rrans-[Re(0)(cvcIam)] 
cation with numbering scheme adopted 
product to be the dioxo rhenium(v) species [Re(0) 2 -
(cvclam)]Cl.2(8Ph 3 .H2O). A view of the cation is shown in 
Figure I with a crystal packing diagram in Figure 2. The Re and 
Cl atoms lie on centres of inversion with the Rev  ion bound to 
all four N donors of the equatorially co-ordinated tetra-aza 
macrocycle. Re-N(l) 2.128(3). Re-N(ll) 2.135(3) A. trans-
Dioxo ligands complete the octahedral co-ordination around 
the Re centre. Re=O 1.756(3) A: 0=Re-N(1) 89.51(13). 
O=Re-N( 11)89.29(13) 0. The co-ordinated macrocyclic ligand 
shows a RRSS (trans-Ill) conformation with two amine 
protons lying above, and the other two amine protons lying 
below the ReN 4  plane. The Cl is not bound to the Re centre. 
Extensive hydrogen bonding is observed in the crystal between 
the oxo ligands, water molecules, chloride counter ions, and the 
amine protons of the macrocyclic ligand (Figure 2). The 
presence of the previously unreported adduct BPh 3 .H 2 0 in the 
crystal lattice is of interest, and is formed presumably via acid-
catalysed hydrolysis of BPh. The formation of a irans-dioxo 
species formally by recrystallisation of a mono-oxo halide 
complex is intriguing, and reects the high lability of the halide 
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Figure 2. A % - ieA of part of the hvdroeen-bonding network in irons-
[Rdl O cvc)am ijCI.2( BPh .H .0). Hdroeen bonds. show n as 
dashed lines, link the Re-bound oxygen atoms, the water molecules, 
the chlortde anions and two of the N-bound hydrogen atoms on 
each co-ordinated cvclam. The chlorides link to other [RetO,.-
)cclam] .2(BPh.H,0) units 
trans to the oxo ligand in the initially formed [ReOCI-
(cvclam)] 2 - cation or related species. Presumably, this species 
can hydrate to [Re(0)(H.0)(cyclam)] 3 . which readily 
deprotonates to afford the dioxo product. The formation of the 
tra,ts-dtoxo species [Re(0),(cyclam)] in organic media is 
probably ltnked to the relatively high acidity of the water co-
ordinated to the highly electropositive Re' centre (Scheme). 
Table I. Bond lengths tAt with estimated standard deviations in 
parentheses 
Re(l)-O(1) 1.756(3) N(l-C(2) 1.498(6) 
Reil)'-Nillj 2.1350l C(2)-03( 1.523)61 
Re(l)-N(t) 2.128(31 B)lt-0)IW) .602(6) 
N(It)-012) 1.4846 B(l)-C(21) 1.654(5) 
C(12-C(13). 1524171 B11-0311 1.650(5) 
013)-C(14) 1.541,7, BIIFCI4I) 1.636(6) 
014)-N)l) 1.48916) 
Table 2. Bond angles (, with estimated standard deviations in 
parentheses 
0)I)-Re(I)-N,Il) 9.29(I3) 012t-N,lI1-010j 115.0(3) 
0(1)-Re(tt-N(I) 9.51t13 0IIW,-B(1)-C(21) (07.2(3) 
N(lI)-'Re(I}-.N(l) 97.31(13) 0(IW)-B(l)-C)31, I.6(3, 
Re(lN(II)-C(12( 111.7(3) 0)IWI-B)1)-041) 105.2(3, 
N(l)-012)-C(131 112.3(4) 021)-8)1(-031) 114.3(3) 
012(-013)-C)14) 117.714) C2l)-B(l)--C(41( 113.6(3) 
C(13)-014)-N(1) 111.4(4) 03fl-13(I)-041) 111.0(3) 
Re(!)-N(1t-C(l4) 112.9(3) B(t)-U21)-C(22) 119.29125 
Re)I)-N(I-C(2) 107.6(3) Bil)-Cl21)-C(26) 120.68(25) 
014N(l(-02, 113.7(3) BllC3lC(32) 1I8.4024 
N(l(-02FC(3) 106.64i B(l(-C(31)-C(36) 12145(25) 
02)-03)-Nl41 108.901 Bll-C)4U-.C(42) 122.913 
Re(I)-N(Il)--C)IO) 106.07(25) B(I)-C)4l).-C(46) 117.0(3) 
Si'nihesis of [Re(0).(cvclam)] - .-[Re0)Cl 3 ( PPh 3 ),] (0.2 
g, 0.24 mmol) was treated with cyclam (0.05 g. 0.25 mmol) in 
CH,C1 2  (30 cm 3 ) for 2 h under reflux under N,. The solvent was 
removed by rotary evaporation, and the residue dissolved in 
CH 3 N0 Addition of NaBPh 4  (0.17 g. 0.49 mmol) followed by 
Et.O yielded the light brown tetraphenvlborate salt in low 
yield. 0.06 g (26°). 
[ReOCl 3 (PPh 3 ),] - cx'clam 	. [Re(0)Cl(cvclam] 2 	0 .[Re0hH.0)(cvclam)] 
[Re(0).(cvclam)] ._L!-_ [Re(0)(OH)(cvclam)] 2 * 
Scheme, 
Related tetra-aza macrocyclic species incorporating the 
mono-oxo. [Ru(0)(L)]. 3 ' 5 and dioxo. [Ru(0),(L) 
moieties are known, and several kinetically inert amide 
complexes containing the [TclO]' 	unit have been un- 
equtvocall Jefined.' ° 	The stngle-crvstal k-ray structure of 
irans-[Tct 0.)cvclam] shows Tc=0 1.751)4). Tc-N 2. 125(II) 
Clearl. compitcated Interconversions of mono-oxo and 
dioxo Re' species are occurrtng in solution, and current work is 
aimed at elucidating the nature of these processes. 
Experimental 
Infrared spectra were measured as Nujol mulls and KBr discs 
using a Perktn-Elmer 598 spectrometer over the range 200-
4 000 cm'' Mtcroana!ses were performed by the Edtnbrgh 
L'ni%ersitx Chemistry Department microanalvtical serice. 
Mass spectra were run by electron impact on a Kratos MS 902 
and by fast atom bombardment on a Kratos MS 50TC 
spectrometer. 
Cr,'stul 	Structure 	Detern,j,iat ion 	of iran5-[Re( 0). - - 
(c clam )]C1.2( B Ph 4 .H .0).-Pale brown crystals of IrOns-
[Re(O.(cvclam)]Cl.2(BPh 3 .H.0) were grown from MeCN-
Et.0 and a columnar crystal of dimensions 0.62 x 0.23 x 0.17 
mm was selected for data collection on a Stoe-Siemens AED2 
four-circle diffractometer. 
Crista/i/cjta. C 10 H. 4 N 4 O,ReCL.2(C 15 H,B.H2O) .11 = 
974.26. monoclinic. space group P2 1 a. a = 9.386 9141. b = 
13.5504)7), c = 17.7727(11) A. 0 = 91.918(5)0 . L' = 2 259.35 
A 3  (from 29 values of 58 reflections measured at w. 
30 < 20 < 32 ° ), D = 1.432 u cm . Z = 2 (implying that both 
the macrocvclic complex cation and the chloride counter ion lie 
on two-fold special positions. F(000) = 992. (Mo-k,) = 
0.71069A,M = 28.28cm'. 
Data collection and proessing. AED2 diffractometer, w-20  
scans. 3 106 unique data (20,, = 45 0 . ± h.±k.+l) measured 
ng Mo-N, .1'-radia;ion. niiizsii, corcctcd for absorption h 
means of w-scans (max. and mm. transmission factors 0.1006. 
0.0667 respectively), giving 2350 reflections with F 6.Oa(F). 
Structure analysis and rijinenieni. From the inferred Re 
position, the program DIRDIF '. followed by successive least- 
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Table 3. Fractional atomic co-ordinates tth estimated standard dcs,atuons in parentheses 
Atom v 	. v : Atom 
Re1), 0.5 0.5 0.5 0251 0.45054(23) 0.87729(17) 0.55672)14) 
CI(I) 0.0 0.5 0.5 026) 0.385 68(23) 0.852 441171 0.487 541141 
011 03860131 0.570 19(201 0.44080(17) C(21) 0.25830123) 0.801 69(17) 0.485 111141 
Nil), 0.4807(4, 0.380 151251 0.422 31)20) 032) -0.0780023) 0.777 73(16) 0.337051131 
 05095151 0.411 814) 0.3443(3) 033 -0.21546)23, 0.81493(16) 0.32503(131 
 06554151 0.4600141 0.338513) Ci341 -0.26546(231 088989116) 0371 20113) 
CI 141 0.673 1151 0.5665t3) 0.3679(3) 035 -0.17801)23) 0.92726(16) 0.42940(13) 
N1 1 06786(3) 0.569531241 0.45) 76)21) C(36) -0.056)23l 0890081161 0.44143)13) 
06894(4) 0.671 	131 0.483 5(3) 031) 0.00944,31 0.81529)161 0.39525(131 
03 0.663741 06630131 0.5674)3)  0.33250(25) 0737911231 0.28480115 
BIh 0.175 	1151 07750(4) 0.4036)3)  0.41327(25) 0.77003(23) 0.225,15i 
OlIWs 0.181 6)3) 0.657 29)211 0.399 11(17) . 	 0441 0.427 8(251 0.87077(23) 0.211 04d5 
022i 0.191 7923 0.75 791)7 0.551 8804i 045, 0.361 57)251 0939381231 0.2567911Si 
023 0.256 65(23) 0.80064117) 0.621 ObiI4i C)46) 0.28080125, 0.90726)23) 0.31655)151 
0241 0.38602(231 0.851 	381)7) 0.623 491141 041) 026627(25) 0.80653(23) 0.330551151 
Table 4,  Hydrogen-bonding parameters A-B 	C-D 
Atom Atom 	Atom Atom 
A 	B C 	D 	B ... CA ABC° BCD° 
Ret)) 	0)11 	H2WI 	0)1W) 	1.534(161 159.916) 173.11)5) 
0(1W) HiIWI 	CI(I) 2.487(t6) 153.8)151 
NI I, 	HI I) Cli), 	 2.452) 16) 	62.01)5) 
squares cycles and difference Fourier syntheses 13  located all 
non-hydrogen atomic positions. At isotropic convergence, the 
final absorption correction was applied empirically using 
DlFABS. Since the Re atom contributes to only half of all 
reflections. it was possible to refine all hydrogen atoms freely. 
but phenvl H atoms were refined in fixed. calculated positions. 1 
Anisotropic thermal parameters were refined for all non-
hydrogen atoms. A weighting scheme ii = 2 (F) ± 
0.000 l47F 2 gave satisfactory analyses. At final convergence R 
and R' = 0.0245 and 0.0331 respectively. S = 1.149 for 272 
parameters with the difference map showing no feature abose 
0.55 e A 3 . Illustrations were prepared using ORTEP ' and 
PLUTO.' 5 molecular geometry calculations utilised CALC.' 
and scattering factor data were taken from ref. 18. Bond lengths. 
angles. and fractional co-ordinates are given in Tables 1-4. 
Additional material available from the Cambridge Crystal-
lographic Data Centre comprises H-atom co-ordinates, thermal 
parameters, and torsion angles. 
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Structure of (1 4cyclam)4  + .ReCI. - .20 - .4(CH 3) 250 
By ALEXANDER J. BLAKE, JoI*4 A. GREIG AND MARTIN SCHRODER 
Deparitnent of C'hemiszry, University of Edinburgh, Wesi Mains Road, Edinburgh EJ-19 3ff, Scotland 
(Received 20 March 1989; accepted 22 August 1989) 
Abstract. 1,4,8,11 -Tetraazonjacyclotetradnehexa 
chlororhenate(IV) dichioride–dimethyl sulfoxide 
(1/4), [C10H28N4]1CI 6 ReJCI 2 4C2 H60S M, = 9867, 
triclinic, PT, a = 96478 (9), b = 997l6 (12), c 
Author for correspondence. 
01 08-2701/90/020322-03$03.00 
109887 (9) A, a 6647o (7), 8 89033 (4), y = 
84.813(4)°, 	V=965.1 A 3 , 	Z= I, 	D= 1697Mgm3, A(MoKa)=o.7l073 A u 387mn, 1000)=495, T=295K, R=00228 
for 2480 unique observed reflections. The quadruply 
protonated cyclam cation and the ReC1 anion lie 
© 1990 International Union of Crystallography 
324 	 [CIOH2SN4J[CI6 Re]C1 2 .4C2H60S 
difference Founer synthesis] and refinement [using 
full-matrix least squares on F (Sheldrick, 1976)]. At 
isotropic convergence, final absorption corrections 
(mm. 0895, max. 1I71) applied empirically using 
DIFABS (Walker & Stuart, 1983). C—H and N—I-I 
bonds were constrained to be I 08 and 100 A, 
respectively; HCH and HCS angles in the dmso 
molecules were constrained to be tetrahedral. At 
final convergence, R = 0-0228, ivR = 00338, S 
1164 for 257 refined parameters, 
(°)maz in final cycle 066. max. and mm. residues in final tiF syn-
thesis 083, – 073 cA 3  respectively. The weighting 
scheme - = 0` 2 (F) + 0002487F2  gave satisfactory 
agreement analyses. Scattering factors were inlaid 
(Sheldrick, 1976) except for Re (Cromer & Mann, 
1968). Atomic coordinates are listed in Table I, while 
selected bond lengths, angles and torsion angles 
appear in Table 2 . * The atom-numbering scheme for 
the quadruplv protona ted cyclam is shown in Fig. I, 
which was generated using ORTEP (Mallinson & 
Muir, 1985): a packing diagram of the structure, 
produced using PLUTO (Motherwelt, 1976), appears 
• Lists of struuure factors, anisotropic thermal parameters and 
.H.atom coordinates have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
52228 (17 pp.). Copies may be obtained thraijoh The Eecutive 
Secretary. International Union of Crystallography. 5 Abbey 
Square. Chester Cl-Il 2HU, England.  
as Fig. 2. Molecular-geometry calculations were per-
formed using CALC (Gould & Taylor, 1985). 
Related literature. Diprotonated cyclam has been 
reported as the diperchlorate salt (Nave & Truter, 
1974). The complex zrans-[Re(0) 2 (cyclam)JCl 
2(BPh 3 .H20) (Blake, Greig & Schröder, 1988), con-
taining neutral cyclam coordinated to dioxo-Re", 
also has an extensive hydrogen-bonding network. 
We thank the SERC for funding towards the 
purchase of a diffractometer and Amersham Inter-
national plc for a CASE award (to JAG). 
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Table I. Atomic coordinates and isotropic zlzernial 
parameters with e.s.d. 's 
x V 
Re 0-0000 00000 00000 002758 (13) 
0(1) 023391 (10) 003998 (I?) -004801 (10) 00503 (5) 
Cl(2) 001845(9) -018755(10) -008070(9) 0-0410(5) 
0(3) 006516(11) -017362(11) 021517 (9) 00444 (5) 
0(4) 056272 (II) 068903 (10) -045376 (9) 00449 (5) 
C(3) -07090(3) 1.1075(4) 02615(3) 00429(8) 
N(4) -0-5690 (3) 11631 (3) 025266 (24) 0-0336 (7) 
C(S) - 04488 (4) -0475 (3) 02975 (3) 0-0399 (8) 
C(6) -0-358 (3) 1-1145(3) 0-3005 (3) 0-0383 (8) 
C7) - 01949 (3) 10043 (4) 03691 (3) 0-0415 (8) 
N(8) -0-7201 (3) 0-9099 (3) 0-5141 (3) 00361 (7) 
C(9) -0-2496 (3) 09905 (3) 0-6012 (3) 04406 (8) 
5(l) 051187(10) 0-41810(11) -013305(9) 0-0434 (5) 
0(I) 0-4641 (4) 0-3373 (4) 0-0038 (3) 0-0810 (8) 
C(l I) 0-69356 (21) 0-4303 (3) -0-1240 (3) 0-0675 (8) 
C(12) 0-5177 (3) 0-29278 (24) -021146 (23) 0-0699 (8) 
5(2) 0-04155(11) 0-57582(12) 064198(12) 00611 (6) 
0(2) 0-0201 (3) 0- 7389 (3) 0-6030 (3) 0-0617 (8) 
q21) 0-1089 (3) 0-5010(3) 080753 (21) 0-0752 (8) 
C(22) 0-19509 (24) 0-5471(3) 0-56074 (25) 00893 (8) 
Table 2. Bond lengths (A), angles (°) and torsional 
angles (°) with e.s.d. 's 
Re—C1(l) 	2-3607(11) C(7}—N(8) 	1522 (4) 
Rc-0(2) 2-3610 (10) N(8)—C(9) 1-485 (4) 
Re-0(3) 	2-3597 (10) S(I)—O(I) 	1-483 (4) 
C(3)—N(4) 1-493 (4) S(I)—C(Il) 1-775 (3) 
q3)-4Z(9) 	1-504 (5) S(l)—C(12) 	1-776 (3) 
N(4)—C(5) 1-497 (4) S(2)-0(2) 1-502 (3) 
qs)—c(6) 	1-507(5) S(2)-4C(21) 	1-777 (3) 
C(6)—C(7) 1-508 (5) S(2)—C(22) 1-775 (3) 
0(I)—Re---C1(2) 	90-35(4) C(7)—N(8)---q9) 	115-8 (3) 
0(I)—Re---0(3) 90-15(4) C(7)—N(8)--H(81) 1186 (5) 
C1(2)—Re---0(3) 	90-37 (3) C(7)—N(8)---H(82) 	103.9(4) 
N(4)—C(3)--.C(9) 115-3 (3) C(9)—N(8)--H(81) 101-4 (4) 
C(3)—N(4)--.C(5) 	115-4 (3) C(9)—N(8)—H(82) 	92-2 (4) 
C(3)—N(4)---H(41) 107-5 (4) H(81)—N(8)----H(82) 	172-3 (6) 
112-9(4) C(3)—C(9)---N(8) 112-8 (3) 
C(5)—N(4)---H(41) 	108-4 (4) O(l)—S( I )—C( II) 	107-80 (Ii) 
Q5)—N(4)---H(42) 	101-8 (4) 0(I)—S(I)--C(l2) 106-07 (17) 
- 	 110-7(6) CO l)—S(I)---C(I7) 	98-43 (13) 
N(4)—C(5)--C(6) 	110-7(3) 0(2)—S(2)---C(21) 105-64 (16) 
C(5)—C(6)---C(7) 114-3(3) 0(2)—S(2)---C(27) 	105-17 (16) 
C(6)—C(7)- 14'(8) 	113-7(3) C(21)—S(2)----C(22) 98-60 (I)) 
HO 1 	 4 99(6) I-i(4I)--J)4)---C(---.C16) 	-522)3) 
111311-C(3)---N)4)--H(42) 	- 724 (6) H) 42)- 4 (4)--C)5)----C)6) 64 3(5) 
1-4(32)----C(4)--N(0-14(41) 	- 	 73-5 (6) ( 4 )-C(5)----06)--C(7) 	168-8 (3) 
H(32)-C(3)--N)4)---14)42) 62-2 (6) C(5}-C(0--C7).--J(8) - 60-5 (4) 
C(9)-03)--N(4)---C)3) 	60-7 (4) C(6)-07)---N(8)--C(9) 	- 59-5 (4) 
C(9)-C(3)--N(1)----H(41) - 60-4 (3) C(6)-C(7)---)-(8).---H(81) 6(4 (6) 
C(9)-Q))----N(4--H)42) 	177-3 (5) C(6)-07)---N(8)--H(92) 	- 58-9 (5) 
(4 )-C(3)--C(9)--N(8 - ) 70-4 (4) H(8i)-N(8---C(9-)---C(3) 	- 43-0 (5) 
C3)—i4)—C(5)---06) 	- 	 72-8 (3) H(82')-N(5')---C(9)--C(3) 80-6 (5) 
Primed 	atoms are 	related 	to their unpnmed 	equivalents 	by 
inversion through ( - i, 	I, 	) 
respectively across and on crystallographic inversion 
centres. The conformation of the cyclam cation is 
determined by N—H- O and N—H ... Cl interactions, 
part of an extensive network of hydrogen bonding. 
Experimental. The compound prepared by reaction 
- of K2 ReCI6  and 1,441l-tetraazacyclotetradecane 
(cyclarn) in water, crystals obtained from dmso/ 
CH 2 CI-,. Pale-green columnar crystal, 0-73 x 0-29 x 
0-33 mm, Stadi4 four-circle diffractometer, graphite-
monochromated Mo Kcx radiation, cell parameters 
from 20 values of 34 reflections measured at ± w (26 
<20 <45Q) For data collection, w-20 scans with 
ai-scan width (0-99 + 0-347tan9)°, 20mu = 45°, h 
- 10— 10, k -9-. 10, / 0—lI, slight crystal decay 
(ca 8%) corrected for during processing, initial 
absorption correction using cu scans, 2528 unique 
reflections, giving 2480 with F> 6o(a9 for structure 
solution [from a Patterson synthesis (Re) followed by 
iterative cycles of least-squares refinement and 
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Fig. I - (a) A view of the centrosymmetric quadruply protonated 
cyclam cation showing the atom-numbering scheme. Thermal 
ellipsoids are drawn at the 30% probability level, excepting 
those of H atoms, which have artificial radii of 0-10 A for 
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Gold Thioether Chemistry: Synthesis, Structure, and Redox Interconversion of 
[Au([9]aneS3)2]'2 '3 ([9]aneS3 = 1 ,4,7-trithiacyclononane) 
Alexander J. Blake, Robert 0. Gould, John A. Greig, Alan J. Holder, Timothy I. Hyde, and Martin Schroder 
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ, Scotland 
The crystal structure of [Au(]9]aneS3)2]PF6  shows distorted tetrahedral S4 co-ordination at Au' with one [9laneS3 
bound in a unidentate manner (Au(1)–S(11) 2.302(6) A], and the other bound asymmetrically through three S-donors 
(Au(1)–S(21) 2.350(7), Au(1)–S(24) 2.733(8), Au(1)–S(27) 2.825(8) A]; oxidation of this complex affords the Au" 
analogue [Au((9)aneS 3 ) 2 ] 3  which has a distorted octahedral stereochemistry (Au(1) . . . S(1) 2.926(4), Au(1)–S(4) 
2.348(4), Au(1)–S(7) 2.354(4) Al; the intermediate paramagnetic Au" species has been identified by e.s.r. 
spectroscopy. 
The trithia macrocvclic ligand [9]aneS ([9JaneS = 1.4.7-
trithiacvclononane) has been shown to bind facially to a range 
of transition metal ions.' We have been investigating the 
binding of this ligand to heavy metal ions. e.g. Rh". 3 Pd [1 . 2 - 4  
and Pt". 5 whose co-ordinative properties are not fully 
compatible with facial binding of [9]aneS. This has led to the 
synthesis of a range of complexes showing unusual stereo-
chemical and redox properties.— The chemistry of Au' is 
dominated by linear andoligomeric complexes: and a study 
of the binding of I9laneS 3 to Au' was therefore undertaken. 
Wieghardt and co-workers have reported recently a very 
interesting trimeric Ag' complex IAg 3([91aneS .0 3 1 incorpor- 
ating bridging thioether ligands. The binding of thioether 
macrocvcles to Au has not been reported previously, and we 
report herein the synthesis. structure and redox interconver-
sion of [Au([9]aneS).]' 3 '. 
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of stoicheiomerv AuCh(19}aneS3). Reaction with a second 
equivalent of 191aneS under reducing conditions (water/ 
\leOH) gives the corresponding Au' species (Au([91aneS) : J 
which can be isolated as a PF, salt in low yield. The single 
rvstal X-ray structure of IAu[91aneS02I1?F (Figure I ) has 
.V-Rav structure determination of (Au( 19[aneS.$):1 PF.. A colour- 
less plate (1)39 x 0.19 x 0.038 mm) was obtained by recrvstallisat,on 
from MeCN/diethyl ether (vapour diffusion). Crystal Data: 
C,H 24S..Au PF. M = 702.56. monoclinic. space group P2,. a = 
.41 1915). b = 19.1391(18). c = 16.1197(13) A.0 = 102302(7) 1 . V = 
33.7 A [from 28 values of 50 reflections measured at =w(2O = 22 
0.711)73 A)]. T = 298 K. D = 2.0898 cm. Z = 4: F(0001 
= 160. u = 72.29 cm - . Stoë STADI-4 four-circle diffractometer. 
Nb-K, X-radia1ion. w-20 scans using the learnt-profile method) 
024 unique reflections measured (28 m,,, = 45' h -7- 7.k 0-. 20.10 
- 17). initial correction for absorption by means of 180 'ç Scans, giving 
2548 data with F 6a(F). Linear isotropic decay (ca 12%) corrected 
for. The Au atoms were located from a Patterson synthesis. 
Least-squares refinement and differenct Fourier synthesis' 2 located 
all non-H atoms. At isotropic convergence, final corrections for 
absorption were made using DIFABS' (max 1.707. min 0.510). 
Anisotropic thermal parameters were refined for Au. S. P. and fully 
occupied F atoms. H atoms were included in fixed. calculated 
positions. 12  The structure contained elements of disorder which 
required to be modelled: for the one disordered PF 6 anion, this was 
achieved using partially occupied F atoms. The more significant 
disorder, however. affeted the two -CH.--CH2- moieties bonded to 
S(24): restrained refinement' 2 (S-C 1.83. C-C 1.52 A: L.SCC 108.5') 
converged satisfactorily, giving occupancies of 0.72(5) for C(22). 
C)23) and 0.62(5) for C(25). C(26). No enantiomorph discrimination 
was detectable despite the application of a methodology, based on 
consideration of those reflections calculated to be most enantto-
morph-sensitive, which had been successful previously. 14 We were. 
therefore, unable to determine the absolute structure in this case. The 
data quoted in the text refers to one of the two possible enantto-
rnorphs. The weighting scheme w' = o(F) + 0.002103F gave 
satisfactory agreement analyses. At final convergence R.R. = 0.0608. 
00839 respectively for 344 parameters. S = 1.124. The maximum and 
minimum residues in the final AF syntheses were + 1.01 and -1.47 e 
A respectively. 
X-Ray structure determination of [Au([9JaneS3):1 3 (HO) 
(3ClO 4 - ) 3H 20. A red equant crystal (0.20 x 0.25 x 0.30 mm) was 
obtained by recrvstallisation from HCI0 4 solution. The crystal was 
sealed in a Lindemann capillary tube with a small amount of HCIO 4 
mother liquor and cooled on the diffraciometer using an Oxford 
Crvosystems low temperature device:' 5 a temperature of 223 ± 0.2 K 
was maintained during data collection. Crystal Data: C, 2 H 24SAu' 
(H30) (4ClO 4 )3H20. M = 1029.4. monoclinic. space group C21c. 
a= 20.398(10).b =9.425(lO).c= 20.051(11)A. 0 = 124.93(3)'. V 
3160.2 A [from 28 values of 26 reflections measured at =w (28 = 24 
-..25°=O.71073A)], T= 223K.D, = 2.163gcm 3 .Z = 4. F(000) = 
2036. a = 54.45 cm'. Stoe STADI-4 four-circle diffractometer. 
s10-K. X-radiation. w-28 scans using the learnt-profile method)' 
2546 reflections measured (28 m  = 45'. h -20 21. k 0 10.10 
21). 2048 unique reflections (R, 1  = 0.057). giving 1561 data with F 
ôo(F). The atomic co-ordinates for IPd([9]aneS3)2i 3 1­10 100 
(ref. 2) were taken as starting values for least-squares refinement and 
difference Fourier located all remaining non-H atoms. At 
isotropic convergence, corrections for absorption were made using 
D1FABS' (max 1.190. min 0.800). Anisotropic thermal parameters 
were refined for Au. S. Cl. 0. and C atoms. Nlethvlene H atoms were 
included in calculated positions, while HO and H 20 were refined as 
rigid groups) 2  The weighting scheme w1 = o (F) + 0005768F: gave 
satisfactory agreement analyses. At final convergence R.R.. = 0.0584. 
0.0808 respectively for 211 parameters. S = 1.035. The maximum and 
minimum residues in the final AF syntheses were +3.56 and -2.67 e 
A respectively. 
Illustrations were prepared using ORTEP'. molecular geometry 
calculations utilised CALC. 1 and scattering factor data were taken 
from ref. 18. 
Atomic co-ordinates, bond lengths and angles. and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Auihors. Issue 1. 









Figure I. View of one [Au([9[aneS):] cation with numbering 
scheme. 
FIgure 2. View of the centrosymmetric LAu119]aneS)2]3 cation with 
numbering scheme. 
two independent Au' ions per asvmmetrc unit. The structural 
determination shows the Au' centre bound asymmetncally to 
three S-donors of one ligand (Au(1)-S21) 2.350(7). Au(1)-
S(24) 2.733(8), Au(1)-S(27) 2.825(8) A for one cation, and 
Au(2)-S(41) 2.341(8), Au(2)-S(44) 2.801(8), Au(2)-S(47) 
2.807(8) A for the other cation] and to one S-donor of the 
second [91aneS- (Au(1)-S(11) 2.302(6) and Au(2)-S(31) 
2.289(7) A]. There are. therefore. two short and two long 
Au-S distances with the angles around the Au' centre highly 
distorted from tetrahedral, L.S( 11 )-Au( I )-S(21) 153.98(23), 
S(11)-Au( 1)-S(24) 113.06(23). S(11)-Au(l)-S(27) 
118.35(21), S(31)-Au(2)-S(41) 156.4(3). 5(31)-Au(2)-S(44) 
115.53(23), S(31 )-Au(2)-S(47) 1 10.78(24) ° . Importantly, 
EAu(19)aneS 3 ) :] is not isostructural with the Ag' congener 
[Ag([9]aneS)2]' - : the latter shows a centrosymmetric 
octahedral structure with the metal ion bound to six S-donors 
[Ag-S( 1) 2.6665(12). Ag-S(4) 2.7813(10) A1. 8 .9 The structure 
of [Au((9]aneSi):] can therefore be regarded as a compro-
mise between the preferred facial co-ordination of [9]aneS 3 ,' 
and the tendency of mononuclear Au' to form linear com-
plexes. 7  No example of terminally bound monodentate 
[9]aneS 3 has been reported previously. 
[Au((9}aneS3)21 is air-sensitive in solution. and can be 
readily oxidised chemically or aerially to a yellow intermediate 
species (,a, = 403 nm), the e.s.r. spectrum of which shows 
= 2.019 with hvperfine coupling to 197 Au (1 = 312. 100%), 
A = 59 G (G = 10-' T). These spectral data, and the relative 
inertness of [9]aneS; under these reaction conditions. indicate 
the formation of a genuine paramagnetic d 9  Au" species in 
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	 J. CHEM. SOC.. CHEM. COMMUN., 1989 
solution. The e.s.r. spectrum suggests a distorted octahedral 
stereochemistry for this intermediate. Very few examples of 
paramagnetic Au" complexes have been reported.'° the 
majority of such species being either mixed Au'/Au" com-
plexes, or binuclear or cluster compounds.' Further oxidation 
of the Au" species occurs readily in solution to afford the Au" 
analogue [Au([9]aneS3 )2)' (L 460, 340. 254 nm), the single 
crystal X-ray structure of which showst the Au" on a 
crystallographic inversion centre. The centrosvmmetric com-
plex cation has a distorted octahedral stereochemistry at the 
Au" centre (Figure 2). Four Au—S bonds define a square 
plane (Au(1)—S(4) 2.348(4), Au(1)—S(7) 2.354(4) A], while 
the two remaining thia donors participate in long-range apical 
interactions with the metal centre, (Au(1) . - S(1) 2.926(4) 
A). Facial co-ordination of (9]aneS3 to the metal centre is 
inhibited by the preferred square planar geometry of d 8 Au". 
The facile interconversion of Au' 1t1111 ' species in the 
presence of [9]aneS3 reflects the ability of this mimcycle to act 
as a formal 2-, 4-, or 6-electron donor. 
We thank the S.E.R.C. for support, and Amersham 
International plc and the S.E.R.C. for a CASE Award to 
J. A. G. 
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Bis(1,4,7-trithiacyclononane)gold Dication: 
A Paramgnetic. Mononuclear Au Complex ** 
By Alexander I Blake. John A. Greig, A/an I. Holder. 
Ti,nothv 1. Hyde. Anne Tar/or, and Martin Schröder * 
We have shown previously that the potentially six-electron 
donor macroccie [9]aneS 3 (I .47-trithiacyclononane). 
which prefers to bind metal ions facially.' 21 is capable of 
modifying its coordination to accommodate a range of tran-
sition-metal stereochemistries. 131 As part ofa study of third-
row transition-metal complexes of [9]aneS3 ,(3bj  we report 
herein the preparation of [Au([9]aneS 3 ),) 2 . the first struc-
turally characterized mononuclear Au" complex. 
Reaction of KAuCI 4 with two molar equivalents of 
[9]aneS 3 in refluxing aqueous H]3F 4(40%)I1'vleOH affords a 
reddish brown solution, which was extracted with CH 3 NO. 
after addition of water. The CH 3 NO, solution was filtered, 
the solvent removed in vacuo. and the residue taken up 
in CH 3 CN. Vapor diffusion with diethyl ether afforded 
the complex [Au([9]aneS 3 ).](BFj. in 5016 yield. [Au([91-
aneS 3 ) 2 1 shows characteristic UV.VIS absorption bands 
at ,. = 398(E = 7990). 234 nm (e = 15000 M cm ')and 
a strong signal in the ESR spectrum at g = 2.010 (77 K). 
Hyperfine coupling to ' 9 "Au (1 = 3/2. 100°) is 
observed clearly with A ., = 57.3 G (Fig. 1). 
Crystals of [Au([9JaneS3),J(BF4). . 2CH J CN suitable for 
X-ray ditTractton were grown from CH 3 CN;Et,O. The sin-
21e-crvstal X-ray structure 1  of the complex (Fig. 2) con-
firms unequivocally its assignment as a 2enuine. mononucle-
ar d .Au" species: in the centrosymmetric cation. .Au" is 
bound to six thioether donors in a tetraeonallv elongated 
stereochemistry (Au-SI 2.839(5). Au-S4 2.462(5). Au-S7 
2.4525 A). The two [9laneS 3 macroc d1es therefore encap-
sulate the d9 AuU  center to give a Jahn-Teller-distorted octa-
hedral stereochemistry. Interestingly, the related d 0 complex 
cation [Cu([9]aneS 3 )i also shows an octahedral stereo- 
11 Dr. A. J. Blair. J. A. Grntit. Dr. A. J Holder. Dr. T. 1. Hde. A. Taylor. 
c 
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Fig. I. ESR spectrum of IAu(19laneS 5 .I in CH 5 CN at 77K. 
chemistry. although in this case the cecragonal elongation is 
- less than in the Au" analogue (Cu-SI 2.419(3). Cu-S4 
2.426(3), Cu-S7 2.459(3) A"). 
Fig. 2. Structure of the cation lAuU9laneS :l. 
[Au([9]aneS 3 ).] 2  is air-stable in the solid state. It can be 
reduced in MeOH or more slowly in CH 3 CN to a colorless 
d' ° Au' species, [Au([9]aneS 3 ),] (E0  = +0.lOVvs Fc/ 
Fc. Fc = ferrocene). and can be oxidized to the correspond-
ing d 8 Aull complex [Au([9]aneS 3 ),] 3 (E5 = + 0.46 V vs 
FcFc) . t 3 bl When the cxidation of Au" to Au" = 
334(e = 19765). 246 nm (c = 20265 , ' cm')) is moni-
tored by UV/VIS spectroscpy. isosbestic points ( = 372. 
208 nm) are observed. The chemical synthesis of 
[Au([9janeS a ) , J depends on control of these redox reac-
tions. Isolation of the Au" species from electrosvnthesis ex-
periments is hampered by problems associated with remov-
ing the base electrolyte and purifying the complex. 
Vet-v few examples of mononuclear Au" species have been 
reported in the literature. Most of these examples are tran-
sient or intermediate species or involve significant charge de-
localization onto the ligands (e.g.. [A u( mn t),1 2 e. mnt = 2,3-
dtmercapto-2-butanedinitrilet 5 l). The ligand [9]aneS 3 is re-
dox-inactive up to + 0.99 V (vs Fc;Fc).' 2 ' suggesting that 
delocalization of the positive charge in EAu([9IaneS 3 ) 2 ] 2 
onto the thioether donors will be limited. The coordination 
_i__.._ .t_ 	.. ----------- ... ....)... ._ 4iJUUL (tIC /tU CCIILCI III L 	ttJ1flC3jJ - IS iuiiy COEISISIC,1I 
with that of a d ° transition-metal center and reflects the 
ability of[9]aneS 3  to encapsulate and stabilize an otherwise 
highly reacttve metal radical center. Interestingly, we have 
found that the hexathia ligand [18)aneS 0 is also capable 
.4ie Che". /'i: Ed En1. : 	IViJO .'.o. 	 JCH 	,eI/shijIi mb/I 0.4040 64irmheirrn . ivco 	050-o.t33 ott 0_10:-0191 $ 0:50 0 	197 
of Stabi zin2 Au! .  Auu and Au ceiliers in the compkx. 
[Au(l SlaneS5)1 	respectively. 
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Structure determination of (Au))9[aneS 3 ).) 	2BF.° 2CH,CN: Ar 
orangered column-shaped crystal 10.55 *0.3*0.2 mm). bathed I n mother 
liquor. as sealed in a Lindemann capillary tube and cooled to 173 = 0.1 K 
on a Stoc STADI-4 four-circle difl'ractometer equipped with an Osforu 
Crvosvstemj low-temperature device [6). M, = 813.28. orthorhombic. 
space group Pcab. a = 8.6921113. b = 14.823)3). c = 21.5687123) A. 1 = 
2779.0 A 3 (from 29 values of 42 reflections measured at 	es(28 = 
24- 26. i = 0.71073 A)). T = 173 K. 	1.944gcm. Z = 4. 
5.781 mm . T = 173 K. w-2& scans. 2715 reflections mea-
sured 28, = 45). 1586 unique (R,, = 0.022). initial correction for ab-
sorption by means of .1' scans, giving 1146 data with F 40(F). intensity 
statistics indicated the position of the Au atom on an inversion center and. 
using this information. D1RDIF [7) located the S atoms. Iterative rounds of 
least-squares refinement and difference Fourier synthesis [8) then located all 
other non-H atoms. At isotropic convergence, final corrections for absorp-
tion were made using D1FABS (9). Some disorder in the BF? anion requireu 
modeling. H atoms were included in fixed, calculated positions [8). At final 
convergence. R.R. = 0.0663 and 0.0859. respectively, for 123 parameters. 
S = 1.209. The maximum and minimum residues in the final 8F syntheses 
were + 1.50 and - 1.21 eA respectively. Further details of the crystal 
structure investigation are available on request from the Director of the 
Cambridge Crystallographic Data Centre. University Chemical Labora. 
tory. Lensfield Road. Cambridge CB2 I EW (UK). on quoting the full 
journal citation. 
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